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LITTELL'S LIVING AGE. 


N 1888 THE LIVING AGE enters upon its forty-fifth year, having 

met with constant commendation and success. 

A WEEKLY MAGAZINE, it gives fifty-two numbers of sixty-fou: 
pages each, or more than Three and a Quarter Thousand double- 
column octavo pages of reading-matter yearly. It presents in an inexpen- 
sive form, considering its great amount of matter, with freshness, owing 
to its weekly issue, and with a completeness nowhere else attempted, 

The best Essays, Reviews, Criticisms, Serial and Short Stories, Sketches of Travel and 


Discovery, Poetry, Scientific, Biographical, Historical, and Political Information, 
from the entire body of Foreign Periodical Literature, and from the pens of 


The Foremost LTaving Writers. 


The ablest and most cultivated intellects, in every department of Literature, 
Science, Politics, and Art, find expression in the Periodical Literature of Europe, and 


especially of Great Britain. 


The Living Age, forming four large volumes a year, furnishes from the great 
and generally inaccessible mass of this literature, the only compilation that, while within 
the reach of all, is satisfactory in the COMPLETENESS with which it embraces whatever 
is of immediate interest, or of solid, permanent value. 

It is therefore indispensable to every one who wishes to keep pace with the 
events or intellectual progress of the time, or to cultivate in himself or his family general 


intelligence and literary taste. 


“ We have thought that it was impossible to improve 
upon this — publication, yet it does seem to grow 
better each year. . We regard it as the most marvel- 
lous publication of the time. . Nowhere else can be 
found such a comprehensive and perfect view of the 
best literature and thought of our times. . It is unap- 

roachable by any other publication of its kind, and 
Ss in itself a complete library of current literature, 
while all the leading topics of the day are touched 
and discussed by the best pens of the age. . No induce- 
ment could prevail upon those who have once become 
familiar with it to do without its regular visits.” — 
Christian at Work, New York. 

“ By reading it one can keep abreast of the current 
thought upon all literary and public matters. It main- 
tains its leading position in spite of the multitude of 
aspirants for public favor. . rand repository of the 
literature of the age.”’ — New - York Observer. 

“Such a publication exhausts our superlatives. . 
There is nothing noteworthy in science, art, literature, 
biography, philosophy, or religion, that cannot be 
found in it. . It contains nearly all the good literature 
of the time.” — The Churchman, New York. 

“The more valuable to a man the longer he takes it. 
He comes to feel that he cannot live without it.”— 
New- York Evangelist. 

“To have THE LIVING AGE is to hold the keys of 
the entire world of thought, of scientific investigation, 
psychological research, critical note, of poetry and ro- 
mance.” — Boston Evening Traveller. 

“ Fiction, biography, science, criticism, history, poet- 
ry, art, and, in the broader sense, politics, enter into 
its scope, and are represented in its pages. . Nearly the 
whole world of authors and writers appear in it in their 
best moods. . The readers miss very little that is im- 
portant in the periodical domain.”— Boston Journal. 

*¢ The American reader who wishes to keep the run 
of English periodical literature can do so in no other 
way so thoroughly and cheaply as by taking THE Liv- 
ING AGE.” — Springfield Republican. 

* Through its pages alone it is possible to be as well 
informed in current literature as by the perusal of a 
long list of monthlies.” — Philadelphia Inquirer. 

We of the eclectic periodicals.” — New-York 
orld. 


“ There has been a vast development of literature 
in cheap and convenient forms of late; but so far as 
we know none has arisen which can take the place of 
THE LiviNG Ace. All branches of activity 
are represented in it. . In reading its closely printed 
pages one is brought in contact with the men who are 
making opinion the world over. . Always new, always 
attractive, always exhibiting editorial wisdom, it is 
as essential as ever to every one desirous of keeping 
up with the current of English literature.” — £piscopal 
Recorder, Philadelphia. 

“It stands unrivalled, collecting the best thought 
of the day, and spreading it before its readers with a 
wonderful power of selection. . The ablest essays and 
reviews of the day are to be found here.” — Zhe Pres- 
byterian, Philadelphia. 

“ It may be truthfully and cordially said that it never 
offers a dry or valueless page.” — New-York Tribune. 

“It is edited with great skill and care, and its weckly 
appearance gives it certain advantages over its mouth- 
ly rivals.” — Albany Argus. 


“ For agreat deal of good literature for a little money 


THE Livine AGE leads the periodicals. . It occupies a 
place of eminence from which no rival can crowd it.” 
— Troy Times. 

“It saves much labor for busy people who have no 
time to go over the various reviews and magazines, 
but who still wish to keep themselves well informed 

the questions of the day.” — The Advaince, 


“Tt has been our literary companion for many years 
and it furnishes us with a literary pabulum —hi i- 
cal, scientific. philosophical, philological, and crit ical 
—found nowhere else in the wide domain of litcra- 
ture.” — Christian Leader, Cincinnati. ; 

“It enables its readers to keep fully abreast of the 
best thought and literature of civilization.” — C/ris- 
tian Advocate, Pittsburg. 

“It is unequalled..""— North Carolina Presbyte 
Wilmington. 

“ Itis absolutely without arival.” — Montreal Ga>:ite. 


PUBLISHED WEEKLY at $8.00 a year, free of postage. } 
{3 TO NEW SUBSCRIBERS for the year 1888, remitting before Jan. 1, the 
weekly numbers of 1887 issued after the receipt of their subscriptions, will be sent grat: 


CLUB PRICES FOR THE BEST HOME AND FOREIGN LITERATURE. 


(“Possessed of Litrett’s LivinG AGE, and of one or other of our vivacious American monthilics, 4 
subscriber will find himself in command of the whole situation.” — Philadelphia Evening Bulletin.} 


For $10.50, Tue Livinc Ace and any one of the four-dollar monthly magazines (oT 
Harper’s Weekly or Bazar) will be sent for a year, with postage prepaid on both; or, !or 
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Chicago. 
“Tt furnishes a complete compilation of an indis- 
pensable literature.” — Chicago Evening Journal. 
** Atits publication, price it is the cheapest reading F 
one can procure.” — Boston Globe. ; 
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AMERICAN JOURNAL OF SCIENCE. 


[THIRD SERIES.] 


Art. XLVI.—On the Destruction of the Passivity of Iron in 
Nitric Acid by Magnetization ;* by Epwarp L. Nicuots and 
W.S. FRANKLIN. 


DurRING the winter of 1884-85, the authors of this paper 
were engaged in the investigation of the chemical behavior of 
iron in the magnetic field. In the course of their experiments 
a beaker containing powdered iron, subme: ged in cold concen- 
trated nitric acid, was placed between the poles of a small 
electro-magnet. While in the magnetic field the iron was 
touched with the bulb of a thermometer, used in the determin- 
ation of the temperature of the acid, whereupon it lost its 
passivity and the solution burst into violent effervesence. The 
reaction continued until the beaker was removed from the field, 
when the iron again became passive. This change of condition 
was found to be due to the action of the magnet, occurring 
instantly in solutions of high temperature or of small degrees 
of concentration, and taking place upon stirring in the field, 
even in the case of iron in cold, concentrated acid. The fur- 
ther study of this phenomenon, of which brief mention has 


* Paper read before the Kansas Academy of Science, November, 1885, with a 
supplementary note of later date. 
Am. Jour. Sc1.—Tuirp Suries, Vor. XXXIV, No. 204.—Dec., 1887, 
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been made in the published account of the above mentioned 
investigation,* forms the subject of the present paper. 

The influence of the electric current upon the passivity of 
iron has been known for half a century, Schoenbein having 
described the phenomenon at some length in the well-known 
letter to Faraday, in which the discovery of the passive state 
was first announced.t Faraday followed up Schoenbein’s work 
with a variety of ingenious experiments of his own, and reached 
the conclusion that the passive state is due to the formation of 
a film of insoluble oxide upon the metal, and that the power 
of the electric current to produce passivity in iron, which acts 
as a positive electrode, lies in the liberation of free oxygen upon 
its surface. This view of the matter has been confirmed by the 
researches of Boutmy and Chateau,t who pointed out the power 
of chromic, sulphuric and permanganic acids to promote pas- 
sivity, and by the more recent investigations of Renard,§ in 
which it was shown that all reducing agents have a tendency to 
destroy the passivity of iron, whereas oxidizing agents tend to 
bring about the passive state. 


II. 


The behavior of iron in nitric acid solutions varies in the 
most striking manner with the temperature and strength of the 
acid and with the molecular condition of the metal. 

The active metal may be dissolved with evolution of nitrous 
fumes and the production of a ferric salt, with the evolution of 
hydrogen and the production of a ferrous salt, or without the 
evolution of any gas.| 

In anticipation of similar variations in the transition from 
the passive to the active state, it was thought best, before enter- 
ing upon the study of the influence of magnetization upon pas- 
sivity, to make the following preliminary experiments: 

(1). On the behavior of passive iron in cold nitric acid.—One gram 
of powdered iron was placed in 8° of nitric acid, sp. gr. 1:368, 
and allowed to stand. The metal was apparently entirely pas- 
sive and remained so throughout the experiment. The tem- 

erature of the solution was 20°C. Upon standing, the acid 
teaen to show signs that the passivity was not complete; at the 
end of an hour the amount of iron in solution being sufficient 
to color the acid unmistakably. Repetitions of the experi- 
ment, always with the same result, led to the conclusion that in 


* On the Chemical Behavior of Iron in the Magnetic Field, this Journal, April, 
1886, vol. xxxi, p. 272. 
Faraday: Experimental Researches, vol. ii, pp. 237-244. 
t Boutmy and Chateau: Cosmos, xix, p. 117. 
$ Renard: Comptes Rendus, vol. Ixxix, No. 5. 
Ordway: this Journal, II, vol. xl, p. 316. 
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the case of finely divided “iron by alcohol,” in strong acid, 
Ordway’s third reaction (the solution of the iron without the 
evolution of gas) was always going on. 

(2). On the destruction of passivity by heat.—A test tube con- 
taining passive iron in strong nitric acid was placed in a water- 
bath and heated. Rise of temperature was found to increase 
the rapidity of the reaction without evolution of gas. This 
was gradually supplanted by the second reaction described by 
Ordway (with the elimination of hydrogen), effervesence becom- 
ing very evident at 60°. Under these conditions the metal 
could not be regarded as “ passive” in the strict sense of the 
word, and yet the reaction differed entirely from that of strong 
acid upon active iron. At this temperature the concentrated 
acid acted upon the passive iron in a way similar to that in 
which a very dilute acid attacks the active metal. 

The transition between these two reactions was not sharply 
marked. Further heating increased the effervesence until, with- 
in the neighborhood of 80°, nitrous fumes began to be evolved. 
The reaction was still far from equaling that which such acid 
is capable of exerting upon active iron, but the condition of 
the solution became more and more unstable, and a slight 
further rise of temperature sufficed to render the iron subject 
to the full effect of the acid. This final and complete loss of 
passivity was very sharply marked by the setting in of a reac- 
tion of fairly explosive violence. 

Repetitions of this experiment showed that the temperature, 
at which these successive changes occur, depends upon a variety 
of circumstances. It was found to vary with the time the iron 
had been exposed to the acid, with the strength of the latter, and 
with the character of the iron. Even the presence of small 
quantities of the salts produced by these reactions was found 
to influence in a marked degree the temperature at which, in a 
subsequent trial, the metal became active. 

(8). On the influence of tine-—The influence of the time of 
exposure upon the temperature of the loss of transition was 
first noticed during the experiment just described. A test tube 
containing passive iron in nitric acid had been allowed to stand 
for some time before being placed in the water-bath. Instead 
of retaining its passivity toa temperature of nearly 90°, this 
specimen became active at a much lower temperature. Re- 
peated trials showed that continued exposure always lowered 
the temperature at which passivity was lost. To determine 
the extent of this variation, other conditions were kept as 
nearly uniform as possible and the iron was exposed, for differ- 
ent intervals of time, to the acid before the destruction of its 
passivity. The control of conditions but imperfectly understood 
was far from complete, and the results of the determination 
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showed irregularities which would doubtless disappear—had the 
time been the only remaining source of variation. The series 
given in the following table is thought, however, to indicate, 
with a fair degree of accuracy, the influence of the time of ex- 
posure upon the temperature of loss of passivity. The time 
given is that which elapsed between the placing of the iron in 
the acid and its change to the active condition. It will be 
seen that the temperature of transition falls as the time of ex- 
posure increases. 


I. 


Influence of the duration of exposure to the acid upon the temperature 
at which tron becomes active in NHOs, sp. gr. 1:368 


DURATION OF EXPOSURE. TEMPERATURE OF TRANSITION. 
o™ 45° 89°4° 
i 84°2° 
25° 79°3° 
26° 78°7° 
9™ 308 78°3° 
13™ 50° 71°5° 
25™ 30° 70°8° 


(4). On the influence of the presence of tron salts in the solu- 
tion.—The presence of even a small amount of the final pro- 
ducts of the action of nitric acid upon iron was found to lower 
the temperature of transition to the active state to a marked ex- 
tent. In order to obtain consistent results it was necessary to 
clean the test-tubes in which the reaction was to take place, and 
the thermometer, by boiling in sulphuric acid. Failure to 
thcroughly cleanse the latter repeatedly reduced the temper- 
ature of transition many degrees, in one instance to 60°, and 
in a test-tube from which the products of a former reaction 
had not been entirely removed, it was often impossible to ren- 
der iron passive even at 20°. 

(5). On the influence of the strength of acid.i—A more obvi- 
ous cause of variation in the temperature of transition than 
those already described, lies in the different strengths of acid 
in which the iron is submerged. A set of experiments upon 
this variation gave the following results: 


TABLE II. 


Temperature of transition from the passive to the active state in acid 
of different degrees of concentration. 


Sp. Gr. OF ACID. TEMPERATURE OF TRANSITION. 
1°368 89°5° 
1°354 82°3° 
1°306 69°6° 


1°130 23°0° 


Passivity of Iron in Nitrie Acid. 423 


The time of exposure to the acid was in each case about 40 
seconds. This determination agrees well with that noted by 
Schoenbein for iron wire in nitric acid, sp. gr. 1°35. He found 
the change to occur at 75°. 


Ill. 


In these preliminary experiments the method pursued had 
been very simple. The powdered iron was placed in a per- 
fectly clean and dry test-tube, and the acid having been meas- 
ured out was poured upon it. The test-tube was then placed 
in a water-bath, a thermometer was inserted in the acid, and the 
transition-temperature, always indicated by an explosion of 
such violence as to expel the greater portion of the contents of 
the tube, was noted. In order to protect the observer from the 
explosion, an inverted glass funnel was set over the whole, 
part of the thermometer projecting beyond the tube of the fun- 
nel. In carrying on similar experiments in the field of an 
electromagnet, more complete protection from the acid fumes 
was obtained by means of the apparatus shown in the accom- 
panying figure. The test-tube holding the iron and acid was 


W > 


placed in a larger tube between the pole-pieces of the magnet. 
Into the mouth of the larger tube there was fitted a thermome- 
ter by means of a rubber cork. A long and narrow glass tube, 
sealed into the outer tube just below the cork, afforded an exit 
to the gaseous products of the reaction, which were caught over 
a pneumatic trough. 

The electro-magnet was designed with special reference to 
this work. The diameter of the cores was 55™", and the pole 
pieces were so arranged that the tube containing the iron and 
acid could be brought in a nearly uniform field of high inten- 
sity. The magnet was actuated by a battery of “ bichromate ” 
cells, and the current-strength regulated by a rheostat of simple 
construction. The intensity of the magnetic field was esti- 
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mated by withdrawing a coil of small area from the field and 
comparing the consequent swing of a galvanometer needle with 
that produced in the same needle by a Weber’s “ earth-inductor.”’ 

With this apparatus the influence of magnetization upon the 
passivity of iron was studied under various circumstances. It 
was found very difficult, even with the knowledge of other 
causes of variation in the temperature of transition, gained by 
the preliminary experiments, to obtain entirely concordant 
results; but a number of interesting facts concerning the influ- 
ence of the magnet were established. The following is a résumé 
of notes made cluring the investigation : 

(a). 8° of HNO’, sp. gr. 1°368, acting upon 1 gram of iron 
in the magnetic field. ‘I'he tube containing the iron and acid 
was immersed in water, which up to the beginning of the ex- 
periment, had been boiling. The strength of the field, which 
was insufficient to destroy passivity at the temperature of the 
room (20°), was not measured. 

Effervesence began at once and increased until the ther- 
mometer indicated 51°, when the explosion, characteristic of 
loss of passivity occurred, blowing most of ‘the liquid from the 
tube. The remainder became quiescent again, but when 
touched with the thermometer-bulb its explosive activity re- 
turned. The reaction differed apparently in its nature from 
that taking place out of the field. The products of the reac- 
tion when poured from the tube, left the tube and thermome- 
ter-bulb clean, whereas, after the ordinary reaction they were 
thickly coated with a black residue, the removal of which 
necessitated long boiling in acid. 

(b}. A repetition of experiment (a), with the magnet not 
acting. The thermometer rose steadily to 89°, at which tem- 
perature the transition to the active state took place. 

(c). Conditions those of experiment (a), magnet acting. Tem- 
perature of transition was 51°. It was noticed that passivity 
was not lost throughout the mass of powdered iron at once, but 
began at a single point on the side of the tube, whence streams 
of gas were evolve! while the rest of the iron remained pas- 
sive. From this, as a center, the action spread, until the entire 
mass became involved. The temperature noted was that at 
which activity had become general. 

(d). Conditions those of the experiment (a), excepting that 
the magnet was inactive until the temperature of the solution 
reached 60°, when the circuit was closed. Passivity was de- 
stroyed at once by the action of the magnet. 

(e). Conditions those of experiment (a), excepting that the 
circuit was made and broken at every degree from 40° up- 
ward. But little effect was produced until in the neighbor- 
hood of 60°, when each tap of the key was marked by mo- 
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mentary effervesence and by a sudden rise of the thermome- 
ter, which effects became more and more marked as the solution 
became hotter. Complete and permanent activity, such, namely, 
as was capable of maintaining itself without the continued ac- 
tion of the magnet, did not occur until a temperature of 87°5° 
had been reached. 

(f). A repetition of experiment (a), but with a weaker 
field. ‘Phe current-strength was 0°28 of that used in experi- 
ment (a). The magnet was active throughout the experiment. 
The temperature of transition to the active state was 84°5°. 

(y). The acid and iron were placed in a bath at 20° and 
placed between the poles of the magnet. The current was 
much stronger than that employed in the experiment (a). The 
intensity of the field, determined by the method already de- 
scribed, was 20,000H. Loss of passivity in this field occurred 
instantly upon closing the circuit. 

(h). The acid was diluted with one-half its bulk of water, 
and the iron, having been introduced under the protection of a 
strip of platinum, remained passive when the latter had been 
withdrawn. The temperature of the acid was 23°. The iron lost 
its passivity instantly in a field of small intensity, and regained 
it only when removed from the neighborhood of the magnet. 
The very slight residual magnetism of the electro-magnet was 
found to be sufficient to destroy passivity in this weak acid, 
the action recurring violently whenever the tube was brought 
between the poles of the magnet, even when the circuit was 
open. 

oo repeating this experiment with somewhat stronger acid 
the strength of field requisite to the destruction of passivity 
was found to be much greater. In three parts of acid and 
one of water the iron remained passive under the residual mag- 
netism of the magnet, and even in the field produced by the 
current last employed. The tangent galvanometer, when trans- 
mission took place, indicated 0°16 of the current which had 
been necessary, in experiment (a), to destroy passivity in con- 
centrated acid at 51°, and the field was approximately of half 
the strength of that under which in the strong acid (experi- 
ment /), iron had remained passive to 84°5°. In four parts of 
acid and one of water at a temperature of 23°3°, the iron re- 
mained passive until the current-strength reached *23 of that 
used in experiment (qa). 

(¢). To determine in what strength of acid iron would be- 
come active at ordinary temperatures in the earth’s field, the 
usual quantity of iron was placed in 10° of concentrated acid, 
and the acid rapidly diluted with water, and with such small 
amounts of snow as were necessary to keep the mixture at 
28°. Dilution was continued until the iron had become active. 


426 Nichols and Franklin—Destruction of Passivity, ete. 


The transition was much less clearly marked than at high tem- 
peratures or within the magnetic field, but repeated trials gave 
13° as the amount of water to be added to destroy passivity. 

(j). To 20° of concentrated nitric acid at 0°, containing pas- 
sive iron, water was added, with snow in quantities sufficient to 
prevent any marked rise of temperature. The addition of 
172:3° of water and snow did not produce noticeable activity. 
When placed in the field of the electro-magnet (strength of 
field approximating 20,000H), effervescence began at once, and 
a dark green solution of higher density than the acid was 
formed with a brown magnetic precipitation. By a repetition 
of the experiment outside of the field, it was found that a trace 
of color could be detected when the acid was diluted to 4, and 
that effervesence began when the strength of acid had been re- 
duced to ;;. Further reduction to »; produced no other 
changes in the reaction, nor did it at any time approach in 
rapidity that taking place in like circumstances within the 
field. 

It appears from these experiments that the action of the mag- 
net is to lower the temperature of transition to the active state, 
and that the intensity of the magnetic field necessary to con- 
vert passive into active iron at a given temperature increases 
rapidly with the concentration of the acid. The establishment 
of a satisfactory theory of the influence of magnetization upon 
passivity will probably demand a more complete acquaintance 
with the phenomena touched upon in this paper, and a wider 
knowledge than we now possess of the subject of chemical ac- 
tion in the magnetic field. 

University of Kansas, November, 1885. 


Supplementary Note. 


An investigation of the electric currents set up between iron 
electrodes within the magnetic field, completed by us since the 
presentation of this paper, seems to offer a very satisfactory ex- 
planation of the manner in which the chemical behavior of iron 
is moditied, and its passivity destroyed in the magnetic field. 
We find that when two iron bars placed parallel to the lines of 
force in the field are submerged in any liquid capable of attack- 
ing iron, and when the ends only of one of the bars and the mid- 
dle of the other bar are exposed to the liquid, the bar with ends 
exposed becomes in its voltaic relation to the other bar, as zinc 
to platinum ; so that if the bars be connected by means of wires 
through a galvanometer, a permanent current will be found to 
flow in the circuit thus formed. 

In the case of a single mass of iron exposed to an acid within 
the magnetic field, local currents will be set up between those 
parts of the metal in which magnetic poles are induced and the 
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intermediate neutral parts of iron, the poles becoming as zine to 
the other portions, and the currents flowing from the poles through 
the liquid to the neutral parts of the metal. There is good reason 
to think that these local currents are the cause of the curious 
modifications in the chemical behavior of iron in the magnetic 
field, already described in the pages of this journal, and of the 
influence of magnetization upon the passivity of that metal. A 
full account of this research will be published at an early day. 
June, 1887. 


Art. XLVII.— On a Method of making the Wave-length of 
Sodium Light the actual and practical standard of length; by 
ALBERT A. MICHELSON and Epwarp W. Mor-ey. 


THE first actual attempt to make the wave-length of sodium 
light a standard of length was made by Peirce.* This method 
involves two distinct measurements: first, that of the angular 
displacement of the image of a slit by a diffraction grating, and 
second, that of the distance between the lines of the grating. . 
Both of these are subject to errors due to changes of tempera- 
ture and to instrumental errors. The results of this work have 
not as yet been published; but it is not probable that the 
degree of accuracy attained is much greater than one part in 
fifty or a hundred thousand. More recently, Mr. Bell of the 
Johns Hopkins University, using Rowland’s gratings, has made 
a determination of the length of the wave of sodium light 
which is claimed to be accurate to one two hundred thousandth 
part.t If this claim is justified, it is probably very near the 
limit of accuracy of which the method admits. A short time 
before this, another method was proposed by Macé de Lepinay.t 
This consists in the calculation of the number of wave-lengths 
between two surfaces of a cube of quartz. Besides the spec- 
troscopic observations of Talbot’s fringes, the method involves 
the measurement of the index of refraction and of the density 
of quartz, and it is not surprising that the degree of accuracy 
attained was only one in fifty thousand. 

Several years ago, a method suggested itself which seemed 
likely to furnish results much more accurate than either of the 
foregoing, and some preliminary experiments made in June 


_have confirmed the anticipation, The apparatus for observing 


the interference phenomena is the same as that used in the 
experiments on the relative motion of the earth and the lumin- 
iferous ether. 

* Nature, xx, 99, 1879; this Journal, III, xviii, 51, 1879. 


+ On the absolute wave-lengths of light, this Journal, III, xxxiii, 167, 1887. 
¢ Comptes Rendus, cii, 1153, 1886; Journ. de Phys., II, v, 411, 1886. 
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Light from the source at s (fig. 1), a sodium flame, falls on the 
plane parallel glass a, and is divided, part going to the plane 
mirror c, and part to the plane mirror b, These two pencils 
are returned along cae and dae, and the interference of the two 
is observed in the telescope at e. If the distances ac and ab are 
made equal, the plane c made parallel with that of the image 
of b, and the compensating glass d interposed, the interference 
is at once seen. If the adjustment be exact, the whole field 
will be dark, since one pencil experiences external reflection, 
and the other internal. 


If now 0 be moved parallel with itself a measured distance 
by means of the micrometer screw, the number of alternations 
of light and darkness is exactly twice the number of wave- 
lengths in the measured distance; thus the determination con- 
sists absolutely of a measurement of a length and the counting 
of a number. 

The degree of accuracy depends on the number of wave- 
lengths which it is possible to count. Fizeau was unable to 
observe interference when the difference of path amounted to 
50,000 wave-lengths. It seemed probable that with a smaller 
density of sodium vapor this number might be increased, and 
the experiment was tried with metallic sodium in an exhausted 
tube provided with aluminum electrodes. It was found possi- 
ble to increase this number to more than 200,000. Now it is 
very easy to estimate tenths or even twentieths of a wave- 
length, which implies that it is possible to find the number of 
wave-lengths in a given fixed distance between two planes with 


Michelson and Morley— Wave-length of Sodium Light. 429 


an error less than one part in two millions and probably one 
in ten millions. But the distance corresponding to 400,000 
wave-lengths is roughly a decimeter, and this cannot be deter- 
mined or reproduced more accurately than say to one part in 
500,000. So it would be necessary to increase this distance. 
This can be done by using the same instrument together with 
a comparer. 

The intermediate standard decimeter /m (fig. 2) is put in place 
of the mirror b. It consists of a prism of glass one decimeter 
long with one end 7 plane, and the other slightly convex, so 
that when it touches the plane m, Newton’s rings appear, and 
these serve to control any change in the distance dm, which has 
been previously determined in wave-lengths. 

The end 7 is now adjusted so that colored fringes appear in 
white light. These can be measured to within one-twentieth 
of a wave-length, and probably to within one-fiftieth. The 
piece /m is then moved forward till the fringes again appear 
at m; then the refractometer is moved in the same direction 
till the fringes appear again at /, and so on till the whole meter 
has been stepped off. Supposing that in this operation, the 
error in the setting of the fringes is always in the same direc- 
tion, the whole error in stepping off the meter would be one 
part in two millions. By repetition this could of course be 
reduced. A microscope rigidly attached to the carriage hold- 
ing the piece /m would serve to compare, and a diamond at- 
tached to the same piece would be used to producecopies. All 
measurements would be made with the apparatus surrounded 
by melting ice, so that no temperature corrections would be 
required. 

Probably there would be considerable difficulty in actually 
counting 400,000 wave-lengths, but this can be avoided by first 
counting the wave-lengths and fractions in a length of one milli- 
meter and using this to step off a centimeter. This will give 
the nearest whole number of wave-lengths, and the fractions may 
be observed directly. The centimeter is then used in the same 
way to step off a decimeter, which again determines the nearest 
whole number, the fraction being observed directly as before. 

The fractions are determined as follows: the fringes observed 
in the refractometer under the conditions above mentioned can 
readily be shown to be concentric circles. The center has the 
minimum intensity when the difference in the distances ab ac is 
an exact number of wave-lengths. The diameters of the con- 
secutive circles vary as the square roots of the corresponding 
number of waves. Therefore, if x is the fraction of a wave- 
length to be determined, and y the diameter of the first dark 
ring, d being the. diameter of the ring corresponding to one 


wave-length, then « = a 
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There is a slight difficulty to be noted in consequence of the 
fact that there are two series of waves in sodium light. The result 
of this superposition of these is that as the difference of path 
increases, the interference becomes less distinct and finally dis- 
appears, reappears, and has a maximum of distinctness again, 
when the difference of path is an exact multiple of both wave- 
lengths. ‘Thus there is an alternation of distinct interference 
fringes with uniform illumination. If the length to be meas- 
ured, the centimeter for instance, is such that the interference 
does not fall exactly at the maximum—to one side by, say, 
one-tenth the distance between two maxima, there would be 
an error of one-twentieth of a wave-length requiring an arith- 
metical correction. 

Among other substances tried in the preliminary experiments, 
were thallium, lithium, and hydrogen. All of these gave 
interference up to fifty to one hundred thousand wave-lengths, 
and could therefore all be used as checks on the determination 
with sodium. It may be noted, that in case of the red hydro- 
gen line, the interference phenomena disappeared at about 
15,000 wave-lengths, and again at about 45,000 wave-lengths: 
so that the red hydrogen line must be a double line with the 
components about one-sixtieth as distant as the sodium lines. 


Art. XLVIII.—The work of the International Congress.of Geolo- 
gists; by G. K. GILBERT. 

[Address delivered before the Section of Geology and Geography of the Ameri- 
can Association for the Advancement of Science, at the New York meeting, 
August 10, 1887.] 

ELEVEN years ago this Association met at Buffalo. It was the 
year of the Centennial Exhibition, and we were honored by the 
presence of a number of European geologists. This naturally 
opened the subject of the international relations of geology, and 
the proposition to institute a congress of geologists of the world 
took form in the appointment by the association of an Interna- 
tional Committee. ‘The project thus initiated found favor else- 
where, and there resulted an international organization, which 
up to the present time has held three meetings. It convened 
first at Paris in 1878, then at Bologna in 1881, and at Ber- 
lin in 1885.* Its next meeting will be held in London next 
year, and an endeavor will be made to secure for the United 

* The report of the Paris meeting, entitled Congrés international de Géologie is 
a document of the Exposition universelle internationale de 1878, d Paris, and cov- 
ers 313 pages, 8°. The report of the Bologna meeting was printed by the Con- 
gress: ‘“‘Congrés géologique international, compte rendu de la 2me session, Bologna, 
1881;” pp. xv + 663, 8°. The official report of the Berlin meeting has not yet 


appeared; but its proceedings are abstracted in “‘ The work of the International 
Congress of Geologists, and of its Committees. Published by the American 
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States the honor of the fifth meeting. The original com- 
mittee of the association has been continued, with some 
change of membership, and has sent representatives to each 
session of the congress. 

The work of the congress, as originally conceived and as sub- 
sequently undertaken, has for its scope geologic nomenclature 
and classification, and the conventions of geologic maps. The 
particular classifications attempted are the establishment of the 
major divisions used in historic and stratigraphic geology and 
the subdivision of volcanic rocks. In nomenclature three things 
are undertaken: first, the determination of the names of historic 
and stratigraphic divisions; second, the formulation of rules for 
nomenclature in paleontology and mineralogy ; and third, the 
establishment and definition of the taxonomic terms of chro- 
nology (period, epoch, etc.), and of stratigraphy (system, series, 
etc.) The map conventions most discussed are colors, but all 
signs for the graphic indication of geologic data are considered. 
The congress has also undertaken the preparation of a large 
map of Europe, to be printed in forty-nine sheets. 

The work was for the most part planned at the Paris meeting, 
and committees were appointed to formulate subjects for action 
by the congress at subsequent sessions. Briefly stated, the work 
accomplished to the present time isas follows: Agreement has 
been reached as to the rank and equivalence of the taxonomic 
terms employed in chronology and stratigraphy, a set of rules 
for paleontologic nomenclature has been adopted, and many 
sheets of the map of Europe have been prepared for the en- 
graver. A partial classification of stratified rocks has been 
agreed to and also a partial scheme of map colors, but the re- 
ports of proceedings indicate that action in these matters is 
tentative rather than final. 

It is understood that both of these subjects will have prom- 
inent place in the proceedings at the London meeting, and the 
American committee is endeavoring to prepare itself for repre- 
sentative action at that meeting by ascertaining the opinions of 
all American geologists on the various subjects. It has asked 
this Section to set apart a day for the discussion of some of the 
more important questions, and it can hardly be doubted that 
the Section will realize the mutual advantage of thus assigning 
the time requested.* I am personally so impressed with the im- 
Committee, under the direction of Persifor Frazer, Doctewr des sciences naturelles 
(Univ. de. France), Secretary. 1886;” pp. 109, 8°; and its work is summarized 
in “Resultats scientifiques du Congrés géologique international de Berlin et des tra- 
vauc qui s’y rattachent, par E. Renevier, prof.;” pp. 22, 8°, in Bull. Soc. Vaudoise 
Sci. Nat., vol. xxii, No. 94. 

* A day was assigned, as requested. The Section listened to a report by the 
secretary of the committee, Dr. Frazer, and began to discuss it point by point, 


but adjourned without great progress. A resolution was passed approving the 
work of the Committee. 
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portance of the possible work of the congress that I shall devote 
the present hour also to its consideration. 

The first thing the congress did was to select names for a set 
of categories to express the taxonomic rank of stratigraphic 
divisions, on the one hand, and of chronologic divisions on the 
other. In the terminology of zoology and botany the words 
kingdom, class, order, family, genus, species, etc., however diffi- 
cult of definition they may severally be, nevertheless are used 
always in the same order of inclusion. No systematist in those 
sciences would think of grouping orders together and calling 
them a family, or of styling a group of families a genus. But 
in geology there is no such uniformity of usage. With some 
writers a group is larger than a series, with others it is smaller. 
With some an age includes several periods, with others a period 
includes several ages. There are even writers who ignore the 
distinction between stratigraphy and chronology; and among 
the classifications submitted to the congress is one in which an 
age is subdivided into systems. There is a manifest advantage 
in bringing order out of this chaos, and so great is the utility of 
uniformity and perspicuity that the decisions of the congress in 
this regard will unquestionably be followed by future authors, 
The terms and the order adopted by the congress are as follows: 
Of stratigraphic divisions that with the highest rank is group, 
then system, series and stage. The corresponding chronologic 
divisions are era, period, epoch and age. This order of rank is 
strange to most English readers and writers, and so is one of 

_the terms—s/age—but the strangeness is only a temporary dis- 
advantage and will not seriously retard the adoption of the con- 
vention. The fact that we have previously used the words in a 
different sense, or that their etymology might warrant a different 
meaning, need not deter us, for we know from frequent expe- 
rience that the connotations of a word transferred from one use to 
another quickly disappear from consciousness, leaving it purely 
denotative. The introduction of the word stage, which can 
hardly be said to have had an English status heretofore, or at 
least the introduction of some new word for that part of the 
column, was necessitated by the restriction of the word forma- 
tion to a special meaning,—the designation of mineral masses 
with reference to their origin. 

The same restriction vacated another office that had been 
filled by formation, and to this office no appointment was made. 
I refer to the use of the word to denote indefinitely an aggre- 
gate of strata—as in saying, This formation should be called a 
series rather than a system. This is an important function, for 
which some provision must be made. I suggest that we may 
advantageously enrich our language by the permanent adop- 
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tion of éerrane, a word whose English meaning has not been 
well established.* 

The fixation of the chronologic terms creates a similar dif- 
ficulty. We have crystallized out of our magma the terms era, 
period, epoch and age, and there remain in the ground-mass only 
eon, cycleand time. Of these, eon has a poetic connotation which 
seems to unfit it for this particular use; cycle implies repetition 
or recurrence; and time has been so generally applied to un- 
limited duration that it is difficult to apply it also to limited 
duration, even though the nature of the limitation be indefinite. 
On the whole, time seems open to the least objection, but I can- 
not help regretting that either period or age, both of which have 
heretofore passed current in the indefinite sense, was not reserved 
by the congress for that function. With English-speaking peo- 
ples the word eon could have been better spared for the definite 
series. 

But while the terms selected by the congress aremot beyond 
criticism, the benefits to be derived from an agreement in an 
orderly system are so great that I for one shall unhesitatingly 
adopt them as they stand,—provided, of course, that the con- 
gress makes no effort to improve its selection.t A small reform 
of this nature yields its profit to this as well as future genera- 
tions, and I hold it a duty to favor even those reforms which 
involve so much effort and pains that their blessings cannot be 
realized by those who initiate them. Such are the exchange of 
our English spelling for a rational system, and the exchange of 
decimal notation in arithmetic fora binary notation. My ap- 
plication of the new nomenclature begins with this address, in 
the preparation of which I have experienced its utility. That 
you may have no difficulty in interpreting my reformed lan- 
guage, | have placed the taxonomic legend on the wall, with 
the addition of the complementary indefinite terms, terrane and 
time. 

Group. «= Era. 
System. Period. 
Series. Epoch. 
Stage. Age. 


There are propositions before the congress to distinguish the 
names of individual groups, systems, series and stages by means 


* In a review of this paper, by Dr. Persifor Frazer, it is pointed out that this 
suggestion is not original with me, having been made by Prof. Renevier, at the 
Berlin meeting of the Congress, and that terrane is used in this sense in the 
pamphlet published by the American committee. The review, which consists 
chiefly of unfavorable criticism, may be found in the American Naturelist for 
September—vol. xxi, pp. 841-847. 

+ Several national committees favor the interchange of the words group and 
Series. 
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of terminations, those of the same rank having the same ter- 
mination. Thus it is proposed by a committee that every name 
of a group shall end in ary,—Tertiary, Primary, Archeary ; it 
is proposed that names of systems end in ic,—Cretacic, Car- 
bonic, Siluric; it is proposed that names of series end in can,— 
Kifelian, Laramian, Trentonian; and it is proposed that stage 
names terminate with 7, Another committee suggests that 7c 
be used for stages instead of systems. The adoption of such a 
plan would enable a writer or speaker to indicate the taxonomic 
rank of a terrane without adding a word for that purpose. If 
he regarded a certain terrane taking its name from Cambria as 
a system, he would call it the Cambric; if he esteemed it only 
a series, he would say Cambrian; and there would be no need 
of adding the word system, or series, i order to express his full 
meaning. Conversely the reader or hearer would always learn 
its taxonomic rank, or supposed rank, whenever a terrane was 
mentioned? These I conceive to be the advantages derivable 
from the change, but they would not be the only effects. It 
would become impossible for a geologist to name or allude to a 
terrane without declaring its rank, and the consequences of this 
would be evil in many ways. In the first place one could not 
discuss terranes from any point of view without expressing an 
opinion as to their taxonomy, and the change would thus con- 
travene one of the most important rights of opinion—namely, 
the right to reserve opinion. Again, geologists who differed as 
to the rank of a terrane would necessarily terminate its title dif- 
ferently, and a needless synonymy would thus be introduced. 
In the third place the created necessity for taxonomic discrim- 
ination on all occasions would tend to direct undue attention to 
taxonomic problems. ‘Taxonomy would be conceived by many 
geologists as an end instead of a means, just as correlation has 
been conceived, and energy would be wasted in taxonomic 
refinement and taxonomic controversy. It is convenient for 
purposes of description and comparison to classify the strata 
that constitute a local columnar section in phalanges of various 
magnitude or rank, but the criteria on which we depend for dis- 
crimination are in the nature of things variable and offer ground 
for endless difference of opinion; and it would be extremely 
unfortunate to have such differences perpetually brought to the 
foreground. 

Another subject considered by the congress is the nomencla- 
ture of paleontology. A committee appointed for the purpose 
formulated rules for the establishment of the names of genera 
and species, and their report was adopted by the congress. 
have no opinion to express as to the wisdom of the rules, but it 
is a matter of surprise that a body of geologists assumed to 
speak with authority on the subject. From one point of view 
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paleontology is a part of geology; from another point of view 
it isa part of biology. In so far as it names genera and species 
it is purely biologic, and it would seem proper that the students 
of fossils unite with the students of living animals and living 
plants in the adoption of rules of nomenclature. 

A similar remark applies to the nomenclature of mineralogy, 
in regard to which no action has yet been taken. The most 
intimate relations of systematic mineralogy are with chemistry. 

Yet another projected work of the congress is the classifica- 
tion of eruptive rocks. Up to the present time action has been 
deferred, and it may reasonably be hoped that no scheme of 
classification will be adopted. If there existed a system of 
classification which gave general satisfaction and had stood the 
test of time, there would be little harm—and little or no advan- 
tage—in giving it the official stamp of approval. Ifthe main 
features of a classification were well established and the residu- 
ary discrepancies were recognized as unessential, it is conceiva- 
ble that some benefit might be derived from the submission of 
the matter to an assembly of specialists. But the actual case is far 
different. Not only is there wide difference as to the classifica- 
tion of voleanic rocks, but there is no agreement as to the fun- 
damental principles on which their classification should be 
based, for we still lack an accepted theory of volcanism. At 
the same time observation is being pushed with great vigor, and 
with the aid of new and important methods. With the rapid 
growth of knowledge and ideas classifications are continu- 
ally remodelled, and the best is in danger of becoming obsolete 
before it has been printed and circulated. Should the congress 
enter the lists, one of two things would occur. Kither its classi- 
fication would be treated like that of an individual and ignored 
as soon as a better one was proposed, or it would be regarded 
as more authoritative, and new facts would for a time be warped 
into adjustment with it. In either case the reputation of the 
congress would eventually suffer, and in one case science would 
suffer also. 

There remain to consider the two most important undertak- 
ings of the congress, the classification of terranes and the uni 
fication of map colors. The congress is attacking these subjects 
indirectly by means of a third undertaking, the preparation of 
a geologic map of Europe, and this method of approach has had 
the effect of making it difficult properly to interpret its action. 
There can be no doubt that those who originally organized the 
work contemplated the enactment of a stratigraphic classifica- 
tion to be applied to the entire earth and the selection of a color 
scheme for use either in all geologic maps or in all general geo- 
logic maps. But at the Berlin session the committee in charge 
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of work on the map of Europe pressed the congress for the de- 
termination of questions on which hung the completion of the 
map, and many hasty decisions were reached, while not a few 
disputed points were referred to the map committee. The debates 
indicate that much or all of this work was provisional or of 
merely local application, but the resolutions adopted show lit- 
tle qualification. It should be added that the official minutes 
of the meeting are still unpublished. In view of the uncer- 
tainty thus occasioned I shall not attempt to characterize the 
attitude of the congress on the subject of classification, but 
shall merely develop my individual view. 

It is the opinion of many who have discussed the general 
classification of terranes by convention of geologists that the 
smallest unit of such classification should be the stratigraphic 
system. What is a stratigraphic system? The congress im- 
plies a definition in saying that a system includes more than a 
series and less than a group, and that the Jurassic is a system ; 
but this gives only a meagre conception and we need a full one. 
As the problem of classification demands a true conception of 
a system, and as there is reason to believe that a false concep- 
tion is abroad, it is proper that in seeking the true one we begin 
with the elements. 

The surface of the land is constantly degraded by erosion, 
and the material removed is spread on the floor of the ocean, 
forming a deposit. This process has gone on from the dawn of 
geologic history, but the positions and boundaries of land and 
ocean have not remained the same. Crust movements have 
caused the submergence of land, and the emergence of ocean 
bottom, and these movements have been local and irregular, 
districts here and there going up while other districts went 
down. The emergence of ocean bottom exposes the deposit 
previously made on it and subjects it to erosion. In this way 
every part of the known surface of the globe has been the scene 
of successive deposition and erosion, and in many districts the 
alternations of process have been numerous. It is manifestly 
impossible that.either erosion or deposition should have ever 
prevailed universally, and it has heen established by the study 
of stratigraphic breaks that a time of erosion has often inter- 
rupted deposition in one region while deposition was uninter- 
rupted in another. 

In transportation from its region of erosion to its place of 
deposition Getritus is assorted, and it results that the simultane- 
ous deposits on the bottom of an ocean are not everywhere the 
same. Equal diversity is shown in the ancient deposits consti- 
tuting geologic formations. It is a general fact that syn- 
chronous formations have not everywhere the same constitution. 

Many of the variations in deposits are correlated with depth 
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of water and distance from shore, and it results that elevation 
and subsidence in regions of continuous deposition produce 
changes in the nature of the local deposit. 

The animals and plants of the earth are not universally dis- 
tributed, but are grouped in provinces. In the geologic past 
similar provinces existed, but their boundaries were different, 
shifting in harmony with the varying geography of the surface. 
From time to time the barriers separating contiguous provinces 
have been abolished, suffering them to coalesce; and conversely 
new barriers have arisen, creating new provinces. From the 
earliest paleozoic to the present time the species of animals and 
plants have been progressively modified, the nature of the modi- 
fication depending on local conditions. The faunas and floras of 
different provinces thus become different, and the longer the pro- 
vinces remain distinct, the greater is the divergence of life. The 
removal of a barrier either produces a new fauna by the fusion of 
the two previously separated, or else obliterates one and extends 
the area of the other. In either case there is a change toward 
the unification of life, and in either case there is an abrupt 
change in a local fauna. Thus the secular evolution of species, 
combined with the secular and kaleidoscopic revolution of land 
areas, leads to two antagonistic tendencies, one toward <liversity 
of life on different parts of the globe, the other toward its uni- 
formity. The tendency toward uniformity affords the basis for 
the correlation of terranes by comparison of fossils ; the tendency 
toward diversity limits the possibilities of correlation. 

If now we direct attention to some limited area and study its 
geology, we find that under the operation of these general proc- 
esses it has acquired a stratigraphic constitution of a complex 
nature. Its successive terranes are varied in texture. Breaks 
in the continuity of deposition are marked by unconformities, 
The fossils at different horizons are different, and when they are 
examined in order from the lowest to the highest, the rate of 
change is found to vary, being in places nearly imperceptible 
and elsewhere abrupt. It is by means of such features as these— 
that is, by lithologic changes, by unconformities, and by life 
changes—that the stratigraphic column is classified into groups, 
systems, series and stages. A system is a great terrane separ- 
ated from terranes above and below by great unconformities, or 
great life breaks, or both. Smaller unconformities, smaller life 
changes, and lithologic changes are used for the demarcation of 
series and stages; and on the other hand, exceptionally great 
unconformities and life breaks are used to delimit groups. As 
the same criteria determine groups, systems and series, differing 
only in degree, the precise definition of the term system is im- 
possible, and in many cases the gradation of a terrane as a 
group, a system or a series is largely a matter of convenience. 
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From this point of view a system is somewhat artificial, but 
there is a more important sense in which it is natural. It is 
limited by stratigraphic or paleontologic breaks above and be- 
low, and these breaks are natural. The taxonomist is not war- 
ranted in dividing systems where no such break exists. 

Transferring now our attention to some other area, distant 
from the first, and studying its stratigraphy, we find that the 
same principles enable us to divide it independently into stages, 
series, systems and groups. Its fossils are not the same, but 
they are to a certain extent similar, and the sequence of life is 
approximately parallel. We cannot compare stage with stage, 
nor series with ‘scries perhaps, but we can compare system with 
system, and making the comparison we discover that the breaks 
are at different places. While one area was upraised and sub- 
jected for a time to erosion, the other received continuous de- 
position. While life in one area, enjoying constant conditions, 
was almost unchanged for long ages and even epochs, it was 
revolutionized in the other by the irruption across some obso- 
lescent barrier of strong and aggressive faunas and floras. The 
systems of one area, therefore, do not coincide with the sys. 
tems of the other in their beginning and ending. They may 
differ in number, and they may differ greatly in magnitude and 
in the duration they represent. They are in fact a different set 
of systems. 

The case I have described is ideal but not false. It represents 

the common experience of those whu have developed the geolog- 
ic histories of remote districts and attempted to correlate them 
with the geologic history of Europe. There does not exist a 
world-wide system nor a world-wide group, but every system 
and every group is local. The classification developed in one 
place is perfectly applicable only there. At ashort distance away 
some of its beds disappear and others are inttoduced ; farther 
on its stages cannot be recognized ; then its series fail and finally 
its systems and its groups. 
' If I have properly characterized stratigraphic systems—if 
they are both natural and local—it goes without saying that the 
classification of the strata of all countries in a dozen or so sys- 
tems, as proposed by some of the members of the congress, is 
impossible. 

I hasten to add that from the point of view of these gentle- 
men what they advocate is not necessarily impossible, for they 
have a different conception of a system. They regard it not as 
local but as universal. It is their privilege to define their terms 
as they please, and we will not dispute about mere words, but I 
cannot too strongly or too earnestly insist that a system which 
is universal is artificial. It may be natural in one geologic 
province, but it is artificial in all others. Take for example the 
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Jurassic. It is a natural system in Europe. In the eastern 
United States no strata are called Jurassic with confidence, and 
at the west the rocks called Jurassic merge with those called 
Triassic. In India, Medlicott tells us, a Jurassic fauna occurs 
at the summit of a great natural system containing a Permian 
fauna near its base.* In New Zealand, according to Hutton, a 
continuous rock system, dissevered by great unconformities 
from other systems, bears at top fossils resembling those of the 
lower Jurassic and lower down fossils of Triassic facies.t To 
establish a Jurassic system in either of these countries it is 
necessary to divide a natural system, and a Jurassic system thus 
established would be necessarily artificial. 

This is the sort of classification implied by the assumption 
that systems are world-wide. It is not impossible, but it is 
highly unadvisable. It is classification for the sake of uni- 
formity, and its uniformity is procrustean. The natural systems 
of a region are the logical chapters of its geologic history. If 
you group its strata artificially according to the natural divis- 
ions of another region, you mask and falsify its history. The 
geologic history of the earth has as great local diversity as its 
human history. As in human history there are interrelations 
and harmonies and a universal progress, but these are percepti- 
ble only in the general view ; and the student whose preconcep- 
tions lead him to exaggerate the harmonies and ignore the dis- 
es perverts the meaning of every page. 

prefer therefore my own definition of system, making it 
natural and consequently local, and I earnestly oppose any at- 
tempt to coerce the geology of one country in a rigid matrix 
formed over and shaped by the geology of another country. 

The ideas I oppose have arisen in connection with the work of 
correlation. Some geologists appear to regard correlation as the 
determination in distant localities of identities; the more philo- 
sophie regard it as the determination of the actual relations, 
whether they be of identity or difference. With the former the 
basis of correlation is the universality of geologic systems; with 
the latter it may be said to be the universality of geologic time. 

Now in the comparative study of local geologic histories, just 
as in the comparative study of local human histories, it is a 
matter of convenience to have a common scale of time. It is 
not essential, but it is highly convenient. In human history 
we use ap astronomic scale of equal parts, designating each 
unit bya number, In geology no scale of equal parts is avail- 
able, and we employ the eras and periods, and to some extent 


* Sur le coloriage des Cartes geologiques, par M. H. B, Medlicott; in Congrés géolo- 
gique international, Compte rendu de la 2me session, Bologne, 1881, pp. 652-656. 

+ Sketch of the Geology of New Zealand. By Captain F. W. Hutton. In 
Quart. Jour. Geol. Soc. London, vol. xli, pp. 191-220. 
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the epochs, of the local geologic history first deciphered—that 
of Europe. These time divisions bear the same names as the 
groups, systems and series of strata whose deposition occurred 
within them. 

So far as the science of geology is concerned the selection of 
Europe as its first field of study was a matter of chance, and 
the adoption of the European time scale as a general standard 
may therefore be said to have been accidental. Though the 
local rock scheme on which it is based is natural, the time scale, 
considered as universal, is arbitrary. Another locality would 
have afforded a different scale, but its authority would neither 
be greater or less. The scale being recognized as arbitrary, 
and a mere matter of convenience, it is legitimate to modify 
and fix it by formal convention. The Congress can do good 
service to geologic technology by putting it in the best possible 
shape and giving it an official status. In my judgment only a 
smal] number of divisions should be admitted, not more than 
‘the number of periods of the European scheme. In a gen- 
eral way the durations represented by the codrdinate divisions 
should be as nearly equal as practicable, but a certain con- 
cession might be made to chronologic perspective on account of 
our superior opportunities for studying the later history. 
Some of the shorter periods might perhaps be united under 
new names. Hach line of division between periods should 
be defined by means of a stratigraphic plane of division, 
and this can be done with precision if a locality is made part of 
the definition. 

Especially should pains be taken to declare the arbitrary 
nature of the scale. Even with this precaution it will be mis- 
construed by many, for there is a tendency of the mind to 
attach undue weight to classification. Wherever we draw lines 
of separation we lose to a certain extent the power to recog- 
nize continuity. When, for example, the clock strikes twelve 
on New Year’s Eve time seems to stop and begin again. We 
speak of the achievements of the nineteenth century—and 
despite ourselves we think of them, too—as though a new 
industrial epoch began in A. D. 1800. And so it is easy for 
the beginner in geology to accept as discontinuous the eras and 
periods of which his text-book treats, and it is hard for him 
afterward to unlearn the lesson. 

There is reason to believe that confusion of ideas in regard 
to geologic classification has been fostered by the employment 
of the same set of names for the divisions of the time scale and 
for the local terranes on which they are founded. It might be 
well to furnish the time scale with names suggesting time—such 
names as the brothers Rogers applied to the terranes of Penn- 
sylvania—but so radical a change is hardly feasible, especially 
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as we should thus lose the mnemonic connection of times with 
corresponding terranes. I propose as a means of accomplishing 
the end with the least inconvenience, that a set of time words 
be derived from the terrane names by modifying the final syl- 
lables. The time words should all have the same termination, 
and that should differ from any terminations occurring in the 
terrane names. I suggest for the ending of time words the 
syllable a. With such a nomenclature Jurassic and Devonian 
would denote only certain European rock systems, while Jural 
and Devonal would denote periods of the standard time scale; 
and we could speak of the Chico-Tejon series as partly Eocenal 
and partly Cretaceal without seeming to imply the existence in 
California of the Eocene and Cretaceous systems of Europe. 

A few minutes ago I opposed the differentiation of words by 
terminations because it abrogated the power of indefinite 
expression ; I now favor it for the same reason. It is well to 
be indefinite as to the taxonomic rank of terranes while their 
characters are imperfectly known, but it is not well to con- 
fuse terranes with times. 

It is not to be assumed that a time scale adopted now as the 
best possible will contines indefinitely to be the best possible ; 
the day will inevitably come when it can be improved. In the 
fuller light of the future we may recognize as very unequal, 
periods that we now deem equivalent, and the possibilities of 
defining pre-Cambrial periods are unlimited. Even now there 
are ennounced beueath the lowest fossil-bearing terranes of the 
Lake Superior region two systems of clastic rocks limited 
above and below by great unconformities, and Irving demands 
their recognition as a group, distinct from the Archean. If his 
voice is heard, the time scale will include an era between the 
Paleozoal and the Archeal, and this era will supply the needs 
of the systematist until great additions have been made to our 
present knowledge of the older rocks. 


My only remaining subject is the representation of terranes on 
maps by means of colors. At present no two organizations 
and scarcely two individuals use colors in the same way, and 
it is probably true that every organization and individual pub- 
lishing many geologic maps has at different times employed the 
same color for different terranes and different colors for tie 
same terrane. It results that the map user can gain no infor- 
mation from the distribution of colors until he has studied the 
legend; before he can read a new atlas he must learn a new 
alphabet. ‘The advantage to be gained by substituting a uni- 
versal language for this confusion of tongues is manifest and 
great, and has justified the application of much time and atten- 
tion by the Congress and its committees. By a series of 
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resolutions a partial scheme has been selected, one color at a 
time, and the completion of the plan has been left to the com- 
mitte on the map of Europe. That committee has prepared a 
color legend, which is accessible to American geologists in the 
volume of information published by the American committee. 
It is understood in a general way that the Congress reserves 
final action, and the published legend not only belongs speci- 
fically to the map of Europe, but is provisional ; still, as this 
map, if generally approved, will unquestionably be declared by 
the Congress an authoritive pattern for the guidance of map 
makers, the plan should be freely criticised at its present stage. 
The selection of uniform colors is a far more delicate and im- 
portant matter than the arrangement of taxonomic terms; for 
while ill-chosen words may quickly fit themselves to new uses, 
the adoption of an ill-arranged color scheme must entail contin- 
ual loss. 

In my judgment the scheme provisionally chosen is defective 
in several particulars, to which I shall presently call attention, 
but it is neccessary to introduce the discussion by a statement 
of the conditions to be satisfied by a standard color scheme and 
a statement of the practical means available. The following 
are the principal conditions, arranged in an order embodying 

. my estimate of their relative importance: 

(1). The map must be clearly and easily legible. Hach 
color must be so distinct from each other color that it can be 
identified, whatever its surroundings; and all other conven- 
tions must be readily discriminated. 

(2). The cartographic scheme must be adjustable to the geo- 
logic facts; it must not require that the facts be adjusted to it. 

(3). The same scheme should serve both for general maps, 
as, for example, those representing only systems, and for detail 
maps, representing numerous smaller divisions. 

(4.) Undue expense should be avoided. The amount and 
consequent utility of color cartography is largely limited by its 
cost. 

(5). It should be easily fixed and retained in the mind. This 
is best accomplished by making it orderly. 

(6). Other considerations permitting, the map should please 
the eye. Since the arrangement of color areas cannot be fore- 
told, this can only be accomplished by admitting a certain range 
of choice. If allowed sufficient latitude in the selection of 
tones, an expert colorist can ameliorate an offensive combina- 
tion of hues. 

(7). Other considerations permitting, the establishment of a 
universal system should involve the least possible inconven- 
ience. But as the inconvenience of change is temporary, while 
the inconvenience of a bad system is lasting, this consideration 
should yield to every other. 
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The art of mapping geologic terranes by means of color is 
well developed, and its methods, viewed from the geologist’s 
standpoint, admit of easy characterization. Color may be 
varied in two distinct ways—in hue and in tone. Hues differ 
in quality, as yellowish green and bluish green. Tones differ 
in strength, as pale green and dark green. A color is printed 
either solid or broken ; it is said to be broken when applied in 
a pattern, as in lines or dots, or when it is interrupted by a 
pattern. The difference between solid and broken colors is a 
difference of texture. The primary discriminations in mapping 
are through hue, tone and texture. 

The map engraver produces texture in three ways. In the 
first way a single impression is made with a broken color. The 
white of the paper, displayed where the color is interrupted, 
combines with the color in the general effect, producing a paler 
tone of the same hue. In the second way two impressions are 
made, one with solid color the other with broken, and the two 
impressions have the same hue; they may or may not differ in 
tone. This is monochromatic overprinting, and its general effect 
agrees in hue with the single impression, but differs in tone, 
being darker. In the third way two impressions are made, one 
solid, one broken, :nd their colors differ in hue. This is bi- 
chromatic overprinting, and its general effect differs in hue as 
well as tone from each of the colors combined in it. The first 
and second ways produce texture monochromatically and do 
not yield a new hue; the third way produces texture bichro- 
matically and yields a new hue. It is practically impossible to 
obtain a texture effect without modifying the original tone. - 

The natural gradation from hue to hue is absolutely contin- 
uous and the number of hues is infinite; the number of tones 
of each hue is likewise infinite. The number of hues and 
tones the eye can discriminate is finite, but very great; it is 
stated that one thousand hues have been distinguished in the 
solar spectrum. But the number of hues and tones that can 
be combined in a map issmall. Asa matter of perception, 
every color is modified by the colors adjacent to it. The same 
hue affords different sensations when differently surrounded, 
and different hues may afford the same sensation. The same is 
true of tones; and there is a certain interdependence of hues 
and tones in this respect. In a geologic map each color is liable 
to fall into various combinations, and two colors little differ- 
entiated occasion confusion. There is, therefore, a somewhat 
narrow limit to the employment of hues and tones. The mat- 
ter has not been fully worked out, but it is probable that 
twenty is as large a number of hues as can be safely employed 
in connection with tones. Texture admits of very great varia- 
tion. The various color schemes submitted to the congress and 
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printed in the report of the Bologna meeting afford, with their 
manifest permutations, about two hundred distinct textures, and 
I am satisfied from a study of these and others that as many as 
one hundred can be chosen that are not subject to confusion. 
It follows that a map or atlas expressing few distinctions need 
use only hues, or only hues and tones, but where numerous 
distinctions are to be made, recourse must be had to textures. 

The printing of a large number of textures of the same hue 
produces a greater number of tones than can be discriminated, 
and its effect is to confuse and nullify any distinctions (within 
the range of that hue) based purely on tone. The printing of 
a large number of bichromatic textures causes the same result, 
and it also produces a greater number of hues than can be dis- 
criminated ; its effect is to confuse and nullify distinctions based 
purely on tone, or on hue, or on tone and hue together. 

In the color scheme prepared for the map of Europe thirty- 
eight distinctions are made. There are twenty-four hues, and 
the remaining fourteen distinctions are accomplished by varia- 
tions of tone. While it may be possible to select twenty-four 
hues availiable for indiscriminate combination, there can be no 
question that those provisionally printed by the committee will 
fail to maintain their distinctness when variously combined 
upon a map. Under the influence of such chromatic environ- 
ments as are sure to be encountered, the four yellow hues of 
the Tertiary cannot be discriminated, and the same difficulty will 
arise with the two hues of gray assigned to the Carboniferous, 
and with the hues of gray and brown assigned respectively to 
the Permian and the Devonian. Some of the tones likewise are 
not sufficiently distinguished. Two of the blues of the Jurassic, 
two of the browns of the Devonian, two of the rose tones of 
the Archzan, and the two violets of the Trias are open to this 
criticism. A certain amount of adjustment can be made in the 
final selection of inks, and probably all the defects from tone 
can be thus remedied, but the confusion of hues is more diffi- 
cult to eliminate, for the great number of the hues interferes 
with the separation of those that are too approximate. ‘To 
strengthen one contrast is to weaken another. 

In order to judge of the availability of the scheme for the 
production of detail maps, it is necessary to consider the reso- 
lutions of the congress as well as the printed legend. A reso- 
lution provides that the subdivisions of a system shall be rep- 
resented by shades of the color adopted for the system, or by 
broken color or other texture devices, and it is further pro- 
vided that the shades, whether produced by solid color or by 
texture, shall be so arranged that the darkest or strongest rep- 
resent the lower divisions of the system.* The resolution is in 


* Congrés géologique international, Compte rendu de la 2me Session, Bologne, 
1881, p. 157. 
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French, and the word I have translated shade (nuance) is one 
which applies popularly to either hue or tone, while in the 
scientific terminology of chromatics it applies to hue only. The 
committee on the map has taken it in its popular sense, and has 
represented some subdivisions by hues, and others by tones ; 
for example, Pliocene and Miocene are assigned two tones of 
the same hue, while Oligocene and Eocene have each a sepa- 
rate hue. The upper Cretaceous and part of the lower Creta- 
ceous are assigned a green hue in two tones, while the Gault and 
the Wealden, classed as subdivisions of the lower Cretaceous, 
have independent hues of green. Of the six reds assigned to 
volcanic rocks, two agree in hue and differ in tone, while the 
remainder have distinct hues. As the legend stands, both 
major and minor distinctions, that is to say, the discrimination 
of groups, the discrimination of systems, and the discrimination 
of divisions smaller than systems, are all accomplished by 
differences of hue, while the discrimination of minor divis- 
ions is accomplished indifferently by variation of hue and by 
variation of tone. The same means performs several functions, 
and the same function is performed by several means. 

It is stating the same thing from another point of view to 
say that the Congress and its committees have used the term 
color in its popular rather than its scientific sense. Scientific- 
ally, a color is a particular tone of a particular hue, and the 
number of colors is infinite. Popularly, a color is an assem- 
blage of contiguous hues and their tones, to which a name has 
been given. Each hue and tone within the range covered by 
the name is a shade of the color. It is in this popular sense 
that the resolutions assign a color to each system, and assign 
shades of the system-color to the subdivisions of the system. 

Now if in the variation of a system-color, by textures or 
otherwise, a single hue is adhered to, the system-color remains 
distinct from other system-colors throughout all its moditica- 
tions and their modifications, but if hues as well as tones are 
varied, the inevitable result is confusion, for some of the hues 
of one system-color will approach too near to hues of other 
system-colors. With a multiplicity of minor distinctions the 
main distinction of system from system will be lost. 

Another difficulty lies in the fact that the Quaternary and 
Devonian colors, while strongly contrasted in tone, are nearly 
identical in hue. This does not affect their use in a general 
map, but in a detail map the stronger tones of the Quaternary 
gray will approach too closely the paler tones of the Devonian 

rown. 

These criticisms apply to those features of the scheme which 
affect its adoption for general and detail maps of European 
countries. There is one of equal or greater importance affect- 
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ing its application in other continents. It is adjusted to the 
rock systems of Europe exclusively, and makes no provision 
whatever for the systems of other parts of the earth. The 
geologists of Wisconsin, for example, cannot use it without 
calling the Keweenawan either Cambrian or Archwan. If they 
were in doulit which division should hold it, but inclined a 
little one way or the other, they could express their qualified 
opinion in the notation provided by the map committee; but 
having attained an unqualified opinion that the terrane belongs 
to neither of these two categories, they find no means for ex- 
pressing their conclusions. The scheme cannot be applied to 
the geology of India, of New Zealand, or of Australia, with- 
out misrepresentation. It is not universal but local, and this 
because it is founded on the fallacy of a world-wide unity of 
geologic systems. 

So far as the geology of the world is concerned, it would be 
better to adopt no convention at all as regards map colors, than 
to adopt one carrying with it and promulgating a vicious classi- 
fication. Uniformity is not worth purchasing at the price of 
falsification. If the members of the Congress cannot agree 
upon a plan having the flexibility demanded by the geologic 
facts, it will be best to limit its action to the local problems in- 
volved in the map of Europe. I believe, however, that the 
necessary flexibility is attainable, and before proceeding to 
further criticism of the committee scheme I will give the out- 
lines of a plan which appears to me to combine the advantage 
of flexibility with a number of other desirable qualities. 

The plan is founded on the universality of geologic time and 
the diversity of Incal geologic histories as expressed in rock 
systems. Geologic periods are arranged in linear order. Each 
one adjoins the next and together they constitute continuous 
geologic time, which we may conceive as represented by a 
straight line. The stratigraphic systems of a country have 
likewise an order of succession, and their arrangement is 
linear. ‘They are not always continuous one with another, but 
the history recorded by the systems and the breaks between 
them is continuous and may be represented by a straight line, 
equal and parallel to that of geologic time. And so for each 
country. A color scale which shall represent each and all of 
these parallel lines must be itself linear and continuous, and, 
fortunately, we have such a scale furnished us in the prismatic 
spectrum. 

I propose, first, that the continuous prismatic spectrum be 
adopted as the standard universal scale for continuous geologic 
time. I propose, second, that the conventional time scale, 
based on the geologic history of Europe, be complemented by 
a color scale, prismatic but discontinuous. I would assign to 
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each period, not a certain portion or area of the spectrum, but 
a specific color defined by its position in the spectrum. This 
color scale will also apply to the geology of Europe. I pro- 
pose, third, that the students of each geologic district shall 
assign to the stratigraphic systems of that district a set of pris- 
matic colors so selected from the spectrum as to properly repre- 
sent the relation of each system to the time scale, provided 
that relation is approximately known. Under this rule a sys- 
tem corresponding partly with the Cretaceous and partly with 
the Jurassic will receive a prismatic color intermediate between 
those assigned to the Cretaceal and Jural divisions of the time 
scale. I propose, fourth, that systems whose relations to the 
standard time scale are not even approximately known be 
given tentative positions in the time scale and assigned the cor- 
responding colors; and that such provisional colors be distin- 
guished by a special device. 

Of this device I will speak later, but before we leave this 
part of the subject, the capability of the plan to express the 
facts should be more clearly characterized. Continuous geo- 
logic time being equated with the continuous spectral band of 
light, each period is theoretically equated with a segment of 
that band including all the hues between certain limits. But, 
practically, the period is represented in the color scale only by 
the central hue of the segment, and there is nothing in the 
nature of this hue to indicate the length of the segment. 
Similarly each local system is represented only by the hue cor- 
responding to the middle of the equivalent period, considered 
as a part of the continuous time-scale, and this hue gives no 
information as to the magnitude of the system or the duration 
of the corresponding period. When a non-European system 
is represented on a map with the Devonal color, all that is ex- 
pressed is that the middle of its period coincides with the 
middle of the Devonal period; the whole period may equal 
the Devonal or may be shorter or may be longer. With this 
limitation the scheme is able to express the exact facts, or the 
exact state of opinion, in regard to eorrelation. 

I propose, fifth, that the subdivisions of systems be repre- 
sented, if their number is small, by distinct tones of the hue 
assigned to the system, and if their number is great, by mono- 
chromatic textures. It having been provided that systems 
shall be distinguished by means of hues, it is now provided 
that hues shall have no other function, This secures the in- 
tegrity of the distinction between systems, whatever the 
minuteness of subdivision. 

The idea of using the spectral colors in their proper order is 
not novel. It has entered into half the plans submitted to the 
Congress, but each author has introduced other colors also, or 
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else has undertaken to use the spectrum colors more than once, 
under the impression that they do not afford the necessary 
range or variety. This impression is based largely upon the 
popular meaning of the word color. It is indeed true that if 
we limit ourselves to those parts of the spectral series which 
have univocal names, we have only six or seven distinctions ; 
and it is further true that if we have recourse to binomial 
designations, such as yellowish green and greenish yellow, we 
obtain rather indefinite conceptions; but to men of science 
there are better resources than those afforded by the language 
of every day life. The spectrum has been elaborately studied, 
and the relations of its dark lines to its colors have been de- 
termined. Its wave lengths have, moreover, been measured, 
and by such means as these we are furnished with three differ- 
ent scales, any one of which is adequate to the precise defini- 
tion of any hue of the continuous series. What needs to be 
done is this. When the divisions of the time scale have been 
decided on, the spectrum must be studied to ascertain the best 
selection of hues. Their number must, of course, be that of 
the number of divisions of the time scale, and they must be so 
chosen that the degree of separateness of adjacent colors shall 
be everywhere the same, as judged by the normal human eye. 
Then define each hue by its wave length, or its position in the 
Kirchhoff scale, and define it also in terms of the best combi- 
nation of pigments with which it can be approximately repro- 
duced for practical use. It is of course impossiblé to copy the 


-prismatic colors with accuracy, because the colors of pigments 


are impure, but this difficulty will not seriously interfere with 
the employment of the prismatic colors as a standard. 

The practical question whether the spectrum will give a suffi- 
cient number of hues so far separated from each other as to be 
distinguishable in all the arrangements occurring on maps has 
received such consideration as I have been able to give it, and 
it is my judgment that the maximum number of hues that can 
safely be used falls somewhere between fifteen and twenty. 
There will certainly be no difficulty in thus constructing a 
standard color scale with about a dozen terms. 

The employment of the spectral colors in this manner leaves 
three groups of colors unassigned, the purples, the browns and 
the grays. If the spectral colors be arranged on the circumfer- 
ence of a circle so that each diameter of the circle connects 
hues that are complementary, it is found that they occupy the 
greater part, but not quite all, of the circumference, and the 
color needed to fill the vacant are is purple. The hues of pur- 
ple might then, if deemed necessary, be added to one end or the 
other of the spectrum, thus increasing the range from which to 
select colors for the time scale. 


a 
q 
fe 
{ 
: 
i 
4 
4 
i 
q 
i 
| 


G. K. Gilbert—Congress of Geologists. 449 


My sixth proposition is to assign the browns to volcanic 
rocks. I would leave the grays unassigned. 

It will be observed that no intimation has been given as to 
whether the violet end of the spectrum should apply to the 
newest system of strata or the oldest. It must of course be 
definitely assigned to one or the ofher, but the particular assign- 
ment is a matter of indifference. 

The main features of the proposed prismatic scheme have now 
been set forth and you are fairly entitled to exemption from the 
minor features, but there is one detail that can hardly be omit- 
ted. In one of the main propositions it was provided that some 
special device should distinguish colors assigned to uncorrel- 
ated systems, and I feel it incumbent to show that a suitable 
device can be found. Ofa number that have occurred to me 
as about equally available, I will mention but a single one— 
the overprinting, in small dots, widely separated, of the comple- 
mentary color. The complementary color is selected because 
it does not disturb the relation of the system-color to the colors 
of adjacent systems. Bichromatic overprinting produces a hue 
intermediate between the two hues combined, but the bue mid- 
way between a system-color and its complementary color is 
white or gray, and if only a small amount of the complement- 
ary color is added, the system-color becomes merely paler or 
duller, when viewed from such a distance that the colors 
blend. 

The prismatic color scheme having been constructed for the 
express purpose of securing a degree of flexibility that will fit 
it for universal use need not be further compared in that regard 
with the scheme published by the European map committee. 
Enough has also been said to show that its superior perspicuity 
is claimed both for general and for detail maps. A few words 
will suffice to compare the two systems in other respects. 

As regards the expense incurred in the production of general 
maps, neither scheme has notable advantage, and they are not 
yet sufficiently developed to permit a comparison as regards 
the cost of detail maps. Their capability for the production of 
pleasant color effects can be best judged when maps have been 
actually made, but it may be said in a general way that the 
committee’s scheme will afford more strong contrasts between 
adjacent color areas than the prismatic. The maps colored by 
the former will be relatively lively, those colored by the latter 
relatively quiet. It is provided by the committee that the vol- 
canie colors shall be not merely red but strong. On a general 
map volcanic areas cover comparatively small spaces, and 
strong reds thus disposed will ordinarily add brilliancy; but 
the detail map of a volcanic ‘district, thus colored, will be dis- 
quietingly suggestive of active eruption. 
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The alphabet of colors for the prismatic scale will be the more 
easily learned of the two, because it is orderly, and because 
its order is already familiar in the spectrum. The committee’s 
scheme, however, has some old-fashioned mnemonic features 
which the prismatic lacks. The green of the Cretaceous is con- 
nected with green-sand, the red of volcanic rocks with fire, and 
the rose of the Arcl.zan with feldspar; and the gray of the 
Carboniferous mildly suggests the blackness of coal. 

In respect to facility of introduction the committee’s scheme, 
being essentially a compromise of existing color scales, has the 
advantage that to most users it is not entirely novel. The pris- 
matic scheme on the other hand has the advantage of being 
orderly. It scientifically differentiates the functions of hues 
and tones, and though each one of its colors may be different 
from what the individual geologist has previously employed 
for the indication of the same system, the order of the colors 
is already familiar to him in another way. 


This closes my review of the various works undertaken by 
the congress. Some of these have been favored, others op- 
posed, and reasons have been given. But there is a general 
consideration or criterion applicable to all, which has nearly 
escaped mention, although it is of preéminent importance. 
When a matter is proposed for regulation by the congress, the 
first question which should be asked is whether it falls within 
the legitimate purview of a convention of geologists. It mani- 
festly does not if it belongs to some other science rather than 
to geology ; and objection has on this ground been made against 
the regulation by our geologic congress of the nomenclatures 
of paleontology and mineralogy. But not all geologic matters 
even are properly subject to settlement by convention. This 
is peculiarly the case with geologic facts. Science is distin- 
guished from the earlier philosophies of mankind by the pecul- 
larity that it establishes its fundamental data by observation. 
The old philosophies were founded largely upon assumptions, and 
it was not deemed illogical—perhaps it was not illogical—to 
appeal to the authority of an assemblage of experts for the 
establishment of fundamental assumptions. But for science it 
is not merely illogical, it is suicidal, to establish facts in any 
other way than by observation. No vote of the most august 
scientific body can possibly establish a fact, and no vote can 
have any weight against a good observation. 

Now the entire science of geology, using the phrase in a 
strict sense, is constituted by the aggregation and arrange- 
ments of facts, and none of its results can be rendered more 
true, or be more firmly established, or be prevented from yield- 
ing to contradictory facts, by conventional agreement. A class- 
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ification, if it has any value whatever, is merely a generalized 
expression of the facts of observation, and is outside the do- 
minion of the voter. If it comprises all the essential facts, its 
sufficiency will eventually be recognized, whether its author- 
ity is individual or collective. If it does not comprise them, 
it will inevitably be superseded, by whatever authority it may 
have been instituted. For this reason I am opposed to the 
classification by the congress of the sedimentary formations, 
and likewise to the classification of tie voleanic rocks, and I 
also regard it as ill-advised that the congress undertook the 
preparation of a map of Europe, for that—if more than a work 
of compilation—is a work of classification. 

If we examine the other undertakings of the congress—the 
definition and gradation of taxonomic terms, the systematiza- 
tion of terminations, the selection of a scale of colors for geo- 
logic maps, and the selection of other conventional signs for the 
graphic expression of geologic phenomena—we find that they 
ull belong to the means of intercommunication of geologists. 
They affect only the verbal and graphic technical language of 
the science. Of the same nature is the arbitrary time scale 
whose preparation I favor,—a conventional terminology for the 
facts of correlation. So we may say in general, that the proper 
function of the congress is the establishment of common means 
of expressing the facts of geology. It should not meddle with 
the facts themselves. It may regulate the art of the geologist, 
but it must not attempt to regulate his science. Its proper 
field of work lies in the determination of questions of tech- 
nology ; it is a trespasser if it undertakes the determination of 
questions of science. It may decree terms, but it must not 
decree opinions. 


Art. XLIX.—On the Heistence of certain Elements, together 
with the discovery of Platinum, in the sun. Contributions from 
the Physical Laboratory of Harvard University; by C. C. 
Hurcuins and E. L. HoLpen. 


[From the Proceedings of the American Academy of Arts and Sciences, vol. xxiii.] 


Late in the fall of 1886 it was decided by the writers, who 
were then at work in the Physical Laboratory of Harvard Uni- 
versity, to attempt a revision of some of the previous work in 
regard to the chemical constitution of the sun, as well as to 
discover, if possible, new facts bearing on the same subject. 
For the purpose of this investigation a magnificent diffraction 
grating, made by Professor Rowland of Baltimore, was kindly 
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placed at our disposal by Professor John Trowbridge, under 
whose supervision and directions the subsequent work has 
been done. 

After some delay caused by the mounting of the grating and 
its attachments, work was begun early in January, 1887, but, 
owing to bad weather and other hindrances, was not regularly 
and systematically prosecuted till somewhat later. 

The grating used is of speculum metal with a ruled surface 
measuring 6 inches by 2, having 14,438 lines to the inch. It 
is concave, its radius of curvature being 214 feet, and is mounted 
according to Professor Rowland’s method. Suffice it to say, 
that the method is such that, by simply rolling the camera 
along an iron track, it passes not only from one part of the 
spectrum to another, but also to the spectra of diffrent orders, 
at the will of the operator. As the distances on this track are 
proportional to the relative wave-lengths of the lines that fall 
successively on a given point in the camera, it is easy, by means 
of a suitable scale of equal parts placed beside the track, to set 
the center of the photographic plate instantly within a single 
wave-length of any given line in the spectrum. 

And here let us parenthetically state that all our wave- 
lengths are those given by Professor Rowland’s photographic 
map of the solar spectrum, the position of every line referred 
to being carefully identified upon the map, and its absolute 
wave-length thus determined. Although some of the nega- 
tives contain many lines too faint to show on the map, yet we 
feel confident that our numbers correspond in all cases to those 
of the map within one-tenth of a wave-length. 

The light is brought into the room by means of a porte lumiére 
and then sent through the slit after total reflection by a right- 
angled prism. Before striking the prism it passes through a 
cylindrical lens, which condenses it to a band of light about 2 
inches long and finch wide. The jaws of theslit move equally 
in opposite directions, so that, however widely they may be 
opened, no lateral displacement of lines can result from this 
cause. 

Directly in front of the slit is placed a large tin lantern con- 
taining an electric lamp; the image of the are can be brought 
exactly upon the slit by means of an adjustable lens in the 
front of the lantern. In the lower carbon of the lamp is made 
a cup-shaped cavity, which is filled with the substance a spec- 
trum of which is desired. It is not at all necessary that this be 
in the form of a metal, for any ordinary compound is at once 
reduced by the intense heat and the presence of carbon vapor 
to the metallic state. 

The plan of working has been as follows. The apparatus 
being arranged as described, the sunlight is admitted and the 
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desired portion of solar spectrum photographed upon the up- 
per half of the plate; then the sunlight is excluded by a shut- 
ter, and the image of the electric arc containing the proper 
metal is allowed to fall upon the slit, and its spectrum photo- 
graphed on the lower half of the plate. (Most of the plates 
used were those made by the M. A. Seed Co., and were cut to 
the size of 8 inches by 2. The most sensitive plates were ob- 
tained, and even then we found the required time of exposure 
for some parts of the spectrum inconveniently long.) 

In order to effect the exposure of either half of the plate at 
will, we placed directly in front of the camera an opaque screen, 
in which was a rectangular opening one half the size of the 
plate. By turning a handle, this screen is raised or lowered 
without the slightest disturbance of camera or plate. The me- 
tallic spectrum, being thus photographed immediately below 
the solar spectrum, can be compared with it at leisure. 

These spectra are then examined with the aid of a glass mag- 
nifying about ten diameters, and any concidences between so- 
lar and metallic lines carefully noted according to their wave- 
lengths. In order to eliminate any personal error, they are ex- 
amined by both observers separately, and their results after- 
wards compared. 

To eliminate errors arising from suspected impurites of ma- 
terials, as also from the impurities known to exist in the car- 
bons employed, we took what we called ‘comparison photo- 
graphs.” For these, we placed in the carbon cup a portion of 
the substances known or suspected to be present as impurities 
in our metal, and then photographed the spectrum thus given 
on the upper half of the plate; a piece of the metal under ex- 
periment was then placed in the lamp, and the spectrum photo- 
graphed on the lower part of the plate. Any lines due to im- 
purities would then extend entirely across the plate, while those 
of the pure metal would extend only half way. In addition to 
this precaution we consulted all accessible tables and plates as 
to the position of known lines of metallic spectra, and also com- 
pared together all our photographs of the same region. [fall 
of these tests left any doubt as to the origin of a given line, it 
was at once subjected to special investigation until all doubt 
was removed. 

The dispersion given by the apparatus in the order of spec- 
trum in which we worked is such that a single wave-length oc- 
cupies on the negative a space of 1:12 mm. This makes the 
distance between the lines D, and D, 6-7 mm., while the length 
of spectrum from A to H is about 4:1 m. With so great dis- 
persion it would hardly be possible to mistake the position of 
a line by any very considerable amount, or to confound neigh- 
boring lines belonging to different metals. 


} | 
i 


454 Hutchins and im the Sun. 


For reasons readily apparent, it was found so difficult to 
photograph under high dispersive power those parts of the 
spectrum not lying between wave-length 3600 and wave-length 
5000, that our photographic work was done chiefly within 
those limits. It was, however, supplemented in many cases by 
eye observations in other portions of the spectrum. 

We are convinced that there is much in the whole matter of 
coincidences of metallic and solar lines that needs re-exam in 
tion; that something more than the mere coincidence of two 
or three lines out of many is necessary to establish even the 
probability of the presence of a metal in the sun. With the 
best instruments the violet portion of the solar spectrum is 
found to be so thickly set with fine lines, that, if a metallic line 
were projected upon it at random, in many places the chances 
for a coincidence would be even, and coincidences could not 
fail to occur in case of such metals as cerium and vanadium 
which give hundreds of lines in the are. 

Moreover, a high dispersion shows that very few lines of 
metals are simple and short, but, on the contrary, winged and 
nebulous, and complicated by a great variety of reversal phe- 
nomena. A “line” is sometimes half an inch wide on the 
photographic plate, or it may be split into ten by reversals. 

At first, we believed that these reversals were due to defects 
in the ruling of the grating, but we are convinced that they are 
true phenomena from the following experiments. 1st. The 
wings continue when various portions of the grating are cov- 
ered. 2d. They are the same in three successive orders of 
spectra. 3d. They are very different in different metals, and 
in some are not seen atall. 4th. We arranged a flat grating, 
with collimator and projecting lens, each of five feet focus, and 
found that with this apparatus the same phenomena appeared. 

On pages 87 and 88 of “The Sun,” Professor Young gives 
a list of elements in the sun according to the best authorities, 
which is followed by a list of doubtful elements. Some of these 
we have examined with the following results: 

Cadmium.—The coincidence of the two lines given by Lock- 
yer at wave-lengths 4677 and 4799 is perfect. These are the 
only cadmium lines near, and the sun lines in the vicinity are 
not numerous. 

Lead.—The evidence for lead, due to Lockyer, is based upon 
three lines at 4019°7, 4058-2 and 40618. We have photo- 
graphed these lines with the sun many times. They are broad 
and nebulous, and often several times reversed. Lines in solar 
spectrum numerous and faint. 4019°7 and 4058-2 certainly do 
not coincide. 4061°8 is very difficult to pronounce upon; it 
may coincide. 

Cerium, Molybdenum, Uranium and Vanadium.—These four 
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metals may be classed together. Lockyer finds four coinci- 
dences each for molybdenum and vanadium, three for urani- 
um, and two forcerium. The are spectrum of each is charac- 
terized by great complexity and vast numbers of lines. So 
numerous are the lines in fact, that often on the photographs 
the total space occupied by them is greater than the space not 
so occupied. A plate ten inches long may contain a thousand 
orso. Evidently coincidences between these and solar lines 
cannot fail to occur as matters of chance, and therefore prove 
nothing. One can easily count a hundred or so such coin- 
cidences without the slightest conviction that the connec- 
tion is other than fortuitous. Of course all this is nothing 
against the probability of these metals being in the sun; but 
at the same time those peculiarities of grouping, strength of 
lines, and other characteristics which occur in the case of iron 
and other spectra, and which alone can serve as evidence in 
such cases, are conspicuously absent. 

Among the metals whose existence in the solar atmosphere 
has seemed probable, we have examined the following: 

Bismuth.—The line of the above metal at 4722°9, the only 
line of bismuth in the are in that whole region, coincides per- 
fectly with the more refrangible of a very faint pair of solar 
lines. 

Tin.—The solitary tin line at 4525, thought by Lockyer to 
coincide, falls directly between two fine lines in the solar 
spectrum. 

Stlver.—Lockyer mentions a certain possibility of silver in 
the solar atmosphere from the apparent agreement of two of 
its nebulous lines with solar lines. One of these we have never 
been able to find in the course of many photographs of the re- 
gion in which it is given by him. 

We find seven lines of silver between 4000 and 4900. Of 
these seven, three are what Thalen calls nebulous; so broad 
and hazy that their true positions cannot be determined with 
much accuracy. These lie at about 4055°5, 4063 6, and 4212. 
A fourth line at 4023 is of the same general character, but has 
a sharp reversal which agrees with a solar line. The remain- 
ing three lines are represented in the sun, and are given by 
Thalen in the spark spectrum of the metal. 

4476-2. Very strong line; nebulous on lower edge. Sun 
line strong. (Thalen, 4475.) 

4668°8. Strong, solitary line. (Thalen, 4666°5.) 

48743. Fairly strong. (Thalen, 4874.) 

Thus, between the limits given above, every line of silver, 
as far as can be determined, coincides with a solar line. 

Potassium.—We could find but two lines of potassium, the 
same that were examined by Lockyer, “4044°5 and 4048°35. 
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Each line is reversed four times, which increases the difficulty 
of locating them exactly. 4048-35 seems to agree with a solar 
line. The solar line near 4044°5 is very faint, and it is next 
to impossible to decide the question of an agreement. 

Lithium.—The blue line of lithium presents a curious case. 
The very broad and nebulous line has a rather sharp reversal 
near the center, and somewhat toward the lower edge a broader 
and less clearly defined reversal. Both these reversals agree 
with solar lines at 4602°5 and 46032. It is possible that one 
of the reversals may be due to the presence of some other sub- 
stance, say calcium; but if that were true, it would seem that 
both reversals would be nearly, if not quite, obliterated. Fur- 
ther experiment may clear the matter up. 4603°2 is given to 
iron by Thalen. 

Platinum.—As far as we can learn, no evidence has hitherto 
been offered to show the occurrence of this metal in the solar 
atmosphere. We were somewhat surprised, therefore, upon 
meeting with coincidences. Between 4250 and 4950 we find 
64 lines of platinum, sixteen of which agree with solar lines. 
The latter are at the following places :— 


4291°10 4481°85 
4392-00 (Thalen 4389°4) 4552°80 (Thalen 4551°8) 
4430°40 4560°30 
4435°20 4580°80 
4440-70 4852°90 (Thalen 4851°5) 
4445°75 (Thalen 4442°0) 4857°70 
4448°05 4899-00 
4455°00 4932°40 


We have taken all possible care to make this statement ac- 
curate, and to admit no lines about which there seems to be 
any question. There are seven other lines not included in the 
list, the probability of agreement of which is at least as good as 
that upon which potassium is admitted. 

In all these experiments everything has been done to bring 
out and show upon the photograph as much as possible. The 
lamp, constructed for the purpose and fed by a powerful dy- 
namo, gave an are from a half to three-fourths of an inch long, 
and with a long flame and so intense a heat that it could be 
worked for but a few minutes at atime. Any one who has 
carried out a series of experiments like this is alone competent 
to appreciate the great labor. and the endless difficulties and 
perplexities that attend them. 

Our thanks are especially due to Dr. Wolcott Gibbs for his 
hearty encouragement, and for the use of valuable apparatus 
and chemicals. 
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Art. L.—The Flora of the Coast Islands of California in 
relation to recent changes of Physical Geography ; by JosEPH 
LECONTE. 


Some of the results reached by Mr. H. L. Greene in his studies 
of the flora of the islands off the coast of Southern California* 
have deeply interested me, because I believe their explanation 
may be found in geologically recent changes in the physical 
geography of California. 

These remarkable islands, 8 or 10 in number, are strung along 
the coast from Point Conception southward, and separated from 
the mainland by a sound 20-30 miles wide. They are of 
considerable size (the largest being about 200 square miles in 
extent), and vary in height from 1,000 to 3,000 feet. They have 
all the characteristics of continental islands, and are undoubt- 
edly outliers of the mainland, at one time connected with it, but 
now separated by subsidence of the continental margin. They 
may be regarded as the highest points of an old coast range 
outside of the present coast range, the broad valley between 
the two being now covered with water. Moreover, the date of 
the separation may. be determined with certainty. That they 
were connected with the mainland during the later Pliocene 
and early Quaternary is proved by the fact that remains of the 
mammoth have been found on Santa Rosa, the largest and one 
P of the farthest off of them.t They were, therefore, undoubtedly 
separated during the Quaternary Period. 

The main points in Mr. Greene’s paper with which we are 
here concerned are the following - 

1. Out of 296 species of plants collected by him on the island 

f Santa Cruz, no less than 48 are entirely peculiar to these 
islands, and 28 peculiar to Santa Cruz itself. 

2. Of the remaining 248 species nearly all are distinctively Cali- 
fornian—that is, species peculiar to California are very abund- 
ant, while common American species, 7. e., those common to 
California and other parts of North America, are very few and 
rare. The flora as a whole, therefore, may be regarded as dis- 
tinctively Californian, with the addition of a large number of 
species wholiy peculiar to the islands. 

3. A number of rare species found in isolated patches, and, 
as it were, struggling for existence, in the southern counties— 
San Diego and San Bernardino—are found in great abundance 
and very thriving condition on the islands. 


* Studies in the Botany of California and Parts Adjacent, VI. E. L. Greene. 
I—Notes on Botany of Santa Cruz Island. Bull. 7, Cal. Acad. Sci. 
+ Proc. Cal. Acad. Sci., vol. v, 152. 
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4. Lavatera, a remarkable malvaceous genus of which 18 
species are known in the Mediterranean region, and one from 
Australia, but not a single species on the American Continent, is 
represented on these islands by four species. This is certainly a 
most remarkable and significant fact. 

Such are the facts. I account for them as follows: 

California, especially the region west of the Sierra Nevada, 
is geologically very recent. The Sierra region was reclaimed 
from the sea at the beginning of the Cretaceous, and the coast 
region as late as the beginning of the Pliocene. When first 
emerged the coast region was of course colonized from adjacent 
parts. This colonization was probably mainly from Mexico, 
either directly or through the Sierra region; for the distinct- 
ively Californian plants, though peculiar, are more like those of 
Mexico than any other. Whencesoever it may have been colon- 
ized, however, the environment was sufficiently peculiar, the 
isolation sufficiently complete, and the time has been sufficiently 
long to make a very distinct flora. According to Wallace it is 
one of the primary divisions of the Nearctic Region. 

During the late Pliocene and early Quaternary, as already 
seen, the islands were still a part of the mainland, and the whole 
was occupied by the same flora, viz: the distinctively Califor- 
nian (with some differences doubtless), now found in both, to- 
gether with the peculiar island-species. 

During the oscillations of the Quaternary the then western- 
most coast range was separated by subsidence, and has remained 
ever since as islands. Simultaneously with, or after, this sepa- 
ration, came the invasion of northern species, driven southward 
by glacial cold. Then followed the mingling of invaders with 
the natives, the struggle for mastery, the extermination of many 
(viz: the peculiar island species), and perhaps the slight modi- 
fication of all, and the final result is the California flora of to- 
day. But the island flora was saved from this invasion by iso- 
lation, and therefore far less changed than the flora of the main- 
land, 7. e., the invading species are mostly wanting, and many 
species survived there which were destroyed, or else modified 
into other species, on the mainland, and the remainder prob- 
ably less modified than on the mainland. The flora of these 
islands, therefore, represents somewhat nearly the character of 
the flora of the whole country during the Pliocene times. Some 
modification they have doubtless suffered, but the time has been 
too short for any great change in the absence of severe compe- 
tition. 

The question naturally arises, “How is it that with a sepa- 
ration of only 20-30 miles the two floras—insular and main- 
land—have not become entirely similar by mutual coloniza- 
tion?” The prevailing winds being landward would, I sup- 
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ose, largely prevent the colonization of common American 
orms on the islands, although some such colonization has in 
fact taken place. But with the prevailing winds in this direc- 
tion, why have not all the peculiar island species been long ago 
colonized on the mainland? According to the view above 
presented the answer is evident. These peculiar species did 
once inhabit the mainland, and have been either destroyed or 
transformed by the struggle with invaders. They are there- 
fore weaker species. The same unfitness which made them suc- 
cumb then, still forbids their successful colonization. This 
brings me to the next point. 

There are quite a number of rare and peculiar forms found 
struggling for existence in the southern counties which are 
found very abundant on the islands. This certainly looks like 
the beginning of colonization. This is indeed Mr. Greene’s 
view, and is rendered all the more probable by the fact that 
the ocean currents probably drift in that direction. But there 
is at least another explanation suggested by the view above pre- 
sented. These may be, and probably are, remnanis of Pliocene 
indigenes still undestroyed, but ready to perish. From this 
point of view their place far south is just what we might ex- 
pect, for the main invasion was from the north. 

But there is still a Jast point to be explained. JLavateras are 
unknown in the New World, except on these islands, where 
there are four species. But they are found in the Old World, 
in the Mediterranean region and in Australia. Mr. Greene sug- 
gests, as a possible explanation, a former connection of these 
islands with some other continent. I think not. The substantial 
permance of continental land masses and oceanic basins, with 
only marginal changes, at least during later geological times— 
taken together with the comparative recency of the flora of 
California—renders this explanation extremely improbable. 
The above presented view suggests another and far more prob- 
able explanation. 

The existence of Zavateras in such widely separated localities 
as Australia, the Mediterranean region and the coast islands of 
California, shows unmistakably that existing species are but 
remnants of an old, once very abundant and widely spread 
genus, with numerous species. They are now dying out. They 
have been mostly destroyed and replaced by newer and stronger 
forms. I conclude, therefore, that in Pliocene times several 
species of Lavatera existed all over the coast region of Califor- 
nia, but probably mostly in the then coast range, viz: the 
islands ; for they love the sea coast. They have all been de- 
stroyed by change of environment, physical and organic, except 
those isolated on the islands and thus saved from the effects of 
invasion. 
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Readers of Mr. Wallace’s “Island Life” will at once see the 
analogy between this explanation of the flora of our coast islands 
and’ Mr. Wallace’s explanation of the mammalian fauna of Mada- 
gasecar. The mammalian fauna of Africa, south of Sahara, 
consists of two very distinct groups—the one indigenous or de- 
scendants of Tertiary indigenes, and remotely resembling that of 
Madagascar, the other evidently foreign and resembling that of 
Eurasia in Miocene and Fliocene times. During Tertiary times 
Africa was isolated from Eurasia, but united with Madagascar, 
and the whole inhabited by a peculiar fauna, characterized by 
lemurs, insectivores, etc., which we have called indigenes. 
About middle Tertiary times, Madagascar was separated, and 
immediately divergence between the two faunas commenced. 
In the later Tertiary and early Quaternary, the barrier which 
separated Africa from Eurasia was removed, and the great 
Eurasian animals invaded Africa, and immediately became the 
dominant type. In the struggle which ensued, many species, 
especially of the weaker indigenes, were destroyed, and all on 
both sides modified. The result is the African fauna of to-day. 
Madagascar was saved from this invasion by isolation. The 
fauna there consists of the greatly modified descendants of the 
African Tertiary indigenes. but far less modified than their con- 
geners in Africa. In the fauna of Madagascar, therefore, we 
have the nearest approach to the Tertiary indigenes of both. 

The difference between the two cases is this: In the case of 
Madagascar the separation has been very long. The extreme 
peculiarity of its fauna is the result partly of progressive diver- 
gence and partly of many forms saved by isolation. In the case 
of the coast islands of California, the separation is compara: 
tively recent—there has not been time enough for very great 
divergence by modification. The peculiarity of its flora is due 
almost wholly to species saved by isolation. 

In conclusion I would say, that this short paper is intended 
merely as an incentive to future investigation and pointing in 
the direction which it ought to take. Before the views above 
presented can be definitely established, there must be further 
investigations, first, on the relation of the island flora to that 
of the mainland; second, on the relation of the flora of Cali- 
fornia to that of adjacent parts from which it may have been 
originally colonized ; third, and especially, must we have fuller 
knowledge of the indigenous flora of California in Pliocene 
times. 
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Art. LI.—Determination of “prevailing wind direction ;” by 
H. ALLEN HAZEN. 


Various methods have been adopted for the graphic repre- 
sentation of the prevailing wind direction. Perhaps the sim- 
plest of these consists in drawing radial lines for each of the 
eight principal points of the compass and making the length of 
each line correspond to the number of times the wind has 
blown from that direction. A broken line joining the ends of 
these would enclose an area, and the portions of this area be- 
tween the radials would indicate approximately the frequency 
of the wind. If the winds were not of the same velocity from 
all points, this could be indicated by figures on each line de- 
noting the mean velocity from each direction. The difference 
would be inappreciable in the United States, and in fact wher- 
ever there is a difference the velocity will be greater in the line 
of the prevailing direction, so that, allowing for velocity, we 
would simply intensify the mean direction. In no case would 
there be any error in the mean direction ensuing from a neglect 
of a slight variation in the velocity. 


Lambert's formula. 

Perhaps the best method of getting this quantity is by 
means of Lambert’s formula. The ordinary computation of 
this formula is exceedingly tedious, especially where several 
thousand computations are to be made. I have prepared very 
simple tables, for my own use, which do away with the use of 
logarithms and enable any one at a glance to take out the 
quantity sought. The whole process is a simple mechanical 
one and a child can perform the work without difficulty. It 
has seemed wise to prepare these tables for wider use, because, 
as the science of meteorology advances the demand is for in- 
creased accuracy in its results) The examination of any 
monthly mean chart with wind directions accurately projected 
upon it will show distinctly the usual law of circulation of 
winds about high and low pressures, and where the winds do 
not seem to follow this law it can be inferred that there is some 
local peculiarity which affects the wind. These tables are spe- 
cially commended to voluntary observers of the weather for 
the computation of their mean wind direction. 

We have Lambert’s formula as follows: 


E-W +(NE-SW) cos 45° + (SE-N W) cos 45° 
N-S+(NE-SW) cos 45°—(SE-NW) cos 45° 
In which N, NE, E, ete. represent the number of times the 
wind has been observed from that direction during the period 


tan A= 
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under discussion. The simplest method of application would 
be to prepare a form in which to enter the observations in an 
order most suited for computation. Strict attention must be 
paid throughout to the algebraic signs. To those who are un- 
accustomed to algebraic processes the following rules will be 
well worth remembering. For algebraic addition —if the 
signs of the quantities are alike add them; if unlike subtract 
them and give the result the sign of the larger quantity, e. g. 
3+4=7, —16+4=—12. For subtraction—change the sign of 
the second quantity and proceed as in addition, e. g. (+3)— 
(+4)=—1, (—16)—(+4)=—20. The form to be used is as 


follows: 
| i | kx | | tion. 
E/|W/N|S| NE| SW| SE |INW| NE-SW| SE-NW) cos 45° cos N-S |/—m| |p-+q| r—s 
| | 
2 |12'21|26] 13 | 9 | 0 10 | 4 —10 | 28 | —71 9°9 4-9 | 19 INTE W 


Fill in the columns a to A with the number of times the wind 
has blown from the eight points of the compass. The remain- 
ing computations are indicated at the head of each column. 
The values in (7) and (m), ¢ and &, multiplied by cos 45°, may | 
be taken from Table I. Having determined r and s, we have 
reduced the winds from the eight points to two at right angles 
to each other, or we have a right-angled triangle in which we 
have given the base and perpendicular, the tangent of the true 
angle of the wind being the one divided by the other. Winds 
from N and E are regarded as positive +. The quadrant in 


which the angle lies is obtained as follows: =NW: 


SE : = NE: = = SW. In writing the angle, N.orS. | 
should always be placed first. The value of the angle may be , 
immediately taken out of the table “ Values of A” when we 
an rand s given. If either or both of these be greater than 
160, divide both by such a number as will make the larger, 
160 or less. Find the smaller number in the top horizontal 
row of figures, the other in the vertical row at the left. The 
number at the intersection of the two will be the angle sought, 
unless s is smaller than r. If so, subtract the number from 90°. 
In the example given, r=—14'3; s=4°9 at the intersection of 
49 and 145 we find 19°; since s is the smaller we must sub- 


tract 19° from 90° and we have met =N 71° W. It will be 


readily seen that in entering the final table we may ignore 
the decimal points, although with a good deal more trouble 
we could have gotten the same result by entering with 4°9 


| 
| 
‘ 
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and 14:3. If we should have 5 and 143 it would be much 
better to multiply the whole number by 10 and enter the 
table with 50 and 143, i. e, the larger the numbers used, 
provided they are within the limits of the table the easier the 
computation. 

The instructions in this paper have been prepared by Mr. R. 
A. Clark. 

June 7, 1887. 


Taste L—WMultiples of cosine 45° (*7071). 


Units. 

Tens. 0 ] 2 3 4 5 6 : 8 9 Tens. 
0 0°0 14 2-1 2°8 3°5 4:2 4°9 5°7 6°4 0 
10 TT 8°5 9°2 99 #%106 4120 427 10 
20 141 +4148 #4156 170 #%&L7% «184 191 198 205 20 
30 212 219 2236 233 2340 247 265 262 269 276 30 
40 28°33 30-4 31°11 318 32% 332 339 346 40 
50 354 361 368 375 382 389 396 403 41:0 417 50 
60 4371 43°38 445 460 467 474 481 £448°8 60 
70 495 502 509 516 523 530 53°77 544 552 6559 70 


80 566 573 580 587 594 601 608 615 62:2 629 80 
90 636 643 665 672 679 686 693 700 90 


110) «6778 «6785 192 8806S 813) 820 «6834 
120. 849 856 863 87:0 877 884 891 898 90% 91:2 120 
130 91°99 926 93°33 940 948 955 962 969 976 983 130 
140 99°7 100°4 10171 101°8 102°5 103-2 103°9 104°7 105-4 140 


150 1061 106°8 107°5 1089 1096 110°3 111°0 111°7 150 


In using this table find the tens and hundred of the number to be multiplied 
by cos 45° in the left hand column and the units in the upper horizontal line. 
The product will be found at the intersection of the horizontal and vertical lines 
from these. For example, 148 x cos 45° at the intersection of 140 and 8 we find 
104°7 answer. 


| 
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Art. LIL—A new instrument for the measurement of Radia- 
. tion; by C. C. HuTcHINs. 


THE difficulties which attend the use of the thermo-pile as an 
accurate measurer of radiations, are familiar to all who have 
had any experience with that instrument. The slowness of its 
indications, and the long time required for it to return to zero, 
are defects which entirely unfit it for many delicate experi- 
ments. 

It occurred to the writer that sensitiveness to radiation might 
as well be secured by employing a very thin thermal-junction 
with some condensing arrangement, as by the use of several 
pairs of stout bars, as in the ordinary thermo-pile ; for the thin 
junction would be heated to a much higher temperature than a 
thick one by a given quantity of heat, and have the great ad- 
vantage of quickly parting with its heat and returning to the 
temperature of the surrounding atmosphere. 

The instrument is constructed upon these principles as fol- 
lows: A tube of vulcanite ten inches long, two and a half 
inches in diameter, is stopped near the middle by a plug of 
wood. The tube is made separable, and this plug serves to 
unite its two halves as well as to support the working parts. 
Through the plug pass two small copper rods projecting about 
an inch above the plug toward the front of the instrument, and 
passing out through its back, where they serve to attach wires 
extending to a galvanometer. 


E, tube of vulcanite; C, plug of wood; m, , copper rods; A, thermal junction; 
B, concave mirror; D, stop. 


The thermal junction is made by uniting with hard solder a 
bit of watch-spring and a bit of flattened copper wire. The 
whole is then worked to a ribbon 1™ wide, -03™ thick and 
25™™ long. The two ends of this ribbon are then soldered to 
the two copper rods so that the junction may be midway be- 
tween them. 

A concave mirror of glass, silvered upon first surface, is so 
secured upon the plug that the junction is exactly at its focus. 
The front of the tube is provided with an opening of any con- 
venient size, and stops to limit the diameter of the entering ray. 
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The accompanying sketch will make the details clear. Its 
working has been very satisfactory. It requires no longer to 
retarn to zero than for the. galvanometer needle to come to 
rest, and is correspondingly rapid and dead beat in its action. 
It is much more sensitive than a thermo-pile of the same ex- 
posed area, 

An instrument in actual use having an opening of 8™™ de- 
flects its galvanometer 30 divisions of its scale when the band 
is held a foot from the opening. A lighted match at six feet 
drives the needle around to its stop. 

Bowdoin College, Brunswick, Me., Nov. 8, 1887. 


Art. LITI.—On some American Meteorites; by GrEorRGE F. 
Kunz. (With Plate X.) 


1. The Taney Vo., Missouri, Meteorite. 


DurinG June 1887 a meteoric mass came into my possession 
and through the kindness of Miss Hattie Payne, of Lamar, 
Ark., I learned that it was taken about thirty years before from 
a spot in latitude 36° 35’ north and longitude 93° 12’ west of 
Greenwich, near Miney, Taney Co., Missouri, eleven miles S.E. 
of Forsyth and over sixty miles from Limestone Valley, Ark. 
Miss Payne also stated that about thirty years ago a meteorite 
passed over the boundary line between Arkansas and Mis- 
souri and was supposed to have fallen near by. After con- 
siderable search it was believed to have been located on a farm 
eleven miles S.E. of Forsyth, whence it was taken *sixty 
miles to a farm in Limestone Valley, Newton Co., Arkansas, on 
the supposition that it was of value. As it was decided not to 
be of meteoric origin, however, it remained unnoticed for twenty- 
eight years, except that a few gun sights were made from it 
by some of the curious neighbors. A portion of it was sent 
to the writer and he at once secured the balance of the mass. 
For figures see Plate X. The mass measures 34™ 35™ x 29™ 
and at the smaller end is12™ high. Its weight ‘is 197 lbs., 
(89-796 kilos). It is similar to the Hainholz, Westphalia, iron* 
is one of the Syssidéres of Daubrée and of the Logronite group 
of Meunier. ‘T'wo large crystals of olivine are present, one 
measuring 10 xX 8™ and another 4 X 6™; this part being so 
much lighter in color than the rest of the mass and so much 
more easily detached that the larger crystals has been almost 
entirely picked out toa depth of 5™. ‘At one corner of the 
mass there is an inclosure of augite measuring 7 X 4™. This 

* Pogg. Ann., 1857, vol. ¢, p. 342. : 
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is gray and granular in structure, and has all the appearance 
of acommon gray pebble inserted inthe iron. The surface of 
the meteorite is deeply pitted and in many spots traces of a 
black crust are still visble; the pitting measures 1 to 4™ across. 
On one side a fungoid growth has slightly stained it green. 
Microscopic sections were made, and in these it was seen that 
the olivine did not occur in separate crystals, but rather in ag- 
gregations of irregularly shaped grains, surrounded by brown 
ferruginous veins and with banded anorthite grains interspersed 


here and there. These aggregations are full of black microlites, 
glass masses and needle-shaped clear crystals, and are imbedded 
in the metallic iron without any border of alteration. The 
boundary line is perfectly sharp, fresh and distinct, in which 
characteristic it differs from the meteorite from Powder Mill 
Creek. The olivine appears to be fresh, but is clouded with 
the brown ferruginous stains abundantly scattered through it 
and between the grains. The following analyses were kindly 
furnished me by Mr. J. Edward Whitfield, and were made before 
its identity with the Newton County, Arkansas, meteorite was 
suspected. He says: 


“The analysis of the metallic portion is as follows: 


Of the rocky portion I have made an analysis of the whole part, 
i. e., not separated as soluble and insoluble, but with the metallic 
part separated. 

The analysis is as follows : 


| 
| 
100°27 


54 


* From the nickel and sulphur and iron we have the percent- 
age corresponding to the formula (Ni, Fe) 8, for the troilite. 

Taking the piece as it was received the specific gravity is 4°484. 
Of the finely ground rocky portion, free from metallic particles as 
far as possible, I have made quite a number of analyses, to learn 
the nature of the insoluble mineral, and as far as I can judge it is 
enstatite only and the soluble part is a lime-iron silicate with con- 
siderable Al,O,. Of the insoluble in dilute hydrochloric acid the 
following is the analysis. 

"87 


20 
08 °81 


“ Ratio of SiO, : R’O = ‘87: 81 which agrees pretty well with 
enstatite; but here the MgO is replaced by as much FeO and the 
presence of Al,O, makes the ratio vary a little from the normal 
1:1. Deducting all the S as NiS and the Fe to correspond to 
the remaining S from the soluble part, we have for the per- 
centages of the soluble the following : 


“The little MgO here probably comes from the slight solubility 
of the enstatite.” 


On looking up the literature on this subject the following 
facts presented themselves. 


Prof. Shepard states,* in reference to the Forsyth, Taney Co., 
Missouri iron, that his first information regarding it was derived 
from N. Aubushon of Ironton, who reported that a small speci- 
men of very curiously knitted, malleable ore, of a white color 
resembling silver had been sent him two or three years before by 


* This Journal, IT, vol. xxx, 1860, p. 205. He had so little of it, that it does 
- appear on any catalogue, not even in the Shepard collection at Amherst Col- 
lege, Mass. 
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a person residing near the locality. He had had an analysis of 
it made and found it to consist of iron and nickel. Prof. Swallow 
the State geologist of Missouri found it to be composed of similar 
constituents. He continues: “The mass evidently belongs to 
the rather rare group of amygdaloidal meteoric irons, in which 
like those of Hainhelz and Steinbach, the peridotic ingredient 
ee... over the nickelic iron. Its specific gravity is 4°46. 

he iron is remarkable for its whiteness, while the peridot is of a 
well marked green color and distinctly crystalline. No pyrite is 
visible in the very small fragments examined. It is reported that 
two very considerable masses of this meteorite were found buried 
in the soil upon a hill side, and that they are at present secreted’ 
under the belief that they contain silver.” 

Prof. E. J. Cox says* he was informed by Mrs. Scott of Van 
Buren, that when in the N.W. part of Crawford County, near 
Penneyoits, Sulphur Spring, attending a barbecue, on July 4th, 
1859, about noon, a shower of small meteorites fell on the roof of 
a cabin half a mile distant, one of which was sent to Capt. Albert 
Pike, of Little Rock, Ark.t Although twenty-eight years have 
elapsed nothing has been heard of any of these pieces, in spite of 
frequent inquiries. 

Dr. J. Lawrence Smith describes a meteorite as coming from 
Newton Co., Ark., but without giving more exact data, as follows: 
“The original has not been obtained. The only fragment of it 
being in the hands of Judge Green was given to Prof. Cox, 
who has kindly presented it to me. The weight of this fragment 
is 224 ounces and was evidently broken off from one corner of 
the mass, as it presents three of the original surfaces. The 
specific gravity taken on different pieces varies from 4°5 to 6°1. 

y mechanical means and the aid of the magnet the following 
minerals were separated: nickeliferous iron, chrome iron, sul- 
phuret of iron, hornblende, olivine and carbonate of lime.” 


ANALYSES. 
Newton Co., ARK., J. LAWRENCE SMITH. 

Olivine. Hornblende. Tron. 
Silica Silica Iron 
Alumina ... ° Alumina Nickel_... 7°21 
Prot. iron. .12°08 Prot. iron Cobalt ... ‘71 
Magnesia .47°25 Prot. manganese. 1°25 Copper tr 

Magnesia Phosphorus { ~* 
101°81 Alkalies 
99°15 


* Geol. Reconnaisance, Arkansas, 1860, p. 308. 

+ Learning that Capt. Albert Pike, now General Albert Pike, resided in Wash- 
ington, D. C., a letter was sent him in regard to the meteorite; he replied on Nov. 
15th, 1887, as follows: ‘Sometime before the war, and before 1860, I think, I 
was at Pennyoits Sulphur Springs, some 25 or more miles from Van Buren, and 
learned that a meteorite had shortly before fallen near there, and had been found. 
Afterwards a piece of it was procured for me, which became prize of war. I don’t 
know where the piece that I had is or where the residue of the mass went to.” 

¢ This Journal, xl, pp. 213-216, 1865. 
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It is very evident that the carbonate of lime which Dr. Smith 
found in the Newton Co. meteorite was due to an abrasion on 
the limestone rock, with which the locality where it was last 
taken, Limestone Valley, is abundantly supplied. Not a 
trace of this substance could be detected by Mr. Whitfield. 
The différence in the analyses of the Taney Co. mass will sug- 
gest itself at once, but we must consider that these often vary 
considerable in different parts of the same meteorite? 

From all the facts obtained it is quite evident that these two 
pieces are parts of one and the same meteorite, which originally 
fell near Miney, in Taney Co., Missouri. It is possible, also, 
that the report of the fall of a number of meteorites on the 4th 
of July, 1859, above referred to, may give the time at which 
this mass fell, although no definite statement can be made to 
that effect. To Dr. O. W. Huntington and Mr. J. H. Caswell 
the author is under obligations for comparative and microscopic 
data, and to Mr. Whitfield for the analysis, and to Prof. F. W. 
Clarke for his courtesy in regard to the same. 


2. The Chattooga County, Georgia Meteorite. 


This mass of meteoric iron was found by Mr. W. J. Fox, 
about the 27th of March, 1887, on his farm in Holland’s Store,* 
Chattooga Co., Ga. In all 27 lbs. (12°5 kilos) were found but 
the mass fell into the hands of parties from Alabama who were 
interested in developing iron mines, and was broken into pieces, 
three of which, weighing 9, 14 and $ 1b. respectively, came into 
my possession, while the balance were worked into nails, horse- 
shoes and other forms by the local blacksmiths. It is one of 


-the Hexaédrische Eisen of Brezina, with twinning lamine, No. 


60, and one of the Caillite group of Meunier. The specific 
gravity as obtained by me is 7°615. 


The smaller of the Whitfield Co. masses was found 20 miles 
N.E., and the larger mass 14 miles N.E. of Dalton, while this 
was found 30 miles S.W. of Dalton, (see map.) The fracture 

* Latitude 34° 22’ North, longtitude 85° 26’ West of Greenwich. 
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is in part very granular, resembling in this respect the Seelisgen 
iron.* But the cleavage is in some parts very marked, and the 
two cleavage angles measured were 120°. In breaking up the 
iron four cleavage planes were obtained, one of the surfaces 
being 2™ square and two others 8™ square each, which were 
very smooth and bright. On etching with weak nitric acid 
the iron turned dark and markings became visible that had 
all the appearance of scratches due to imperfect polishing. 
In fact hes were at first mistaken for scratches and the iron 
was twice repolished. In this respect, and in its hardness, it 
very closely resembles the Butcher irons.¢ They are the 
Neumann figures, the result of a twinning of the cube 
described by Tschermak.t The iron was then treated with 
strong nitric acid and evenly dissolved away, with the ex- 
ception of the (see figure) eating out of one of the layers 
parallel with the cleavage face and undoubtedly the same with 
it. It has included round masses of troilite distributed quite 
plentifully through it, from 3 to 8™™ in diameter, and on 
polishing down the side of the iron these were found so much 
altered as to be scarcely distinguished as sach, rather resem- 
bling compact limonite. Lawreucite, chloride of iron, is very 
plentiful in this iron and collected in large drops on the surface 
and rolled off into :he tray containing the specimen. 

The following analyses were kindly furnished by Mr. J. 
Edward Whitfield, of the U. S. Geological Survey. 


1 2 3 
94°67 94°66 94°60 
4°97 
| 
99.99 


The specific gravity of the largest piece received is 7°801. 
There is a very slight trace of S and C but hardly enough to 
determine. 


This iron does not bear the slightest resemblance to either of 
the Whitfield County, Georgia, irons,§ and is a white iron, 
whereas the Walker County, Alabama, iron || has a bluish cast 

and was found over 100 niles due east. 

' _ The writer desires to extend his thanks to Mr. Whitfield for 
the analyses and to Prof. F. W. Clarke for his courtesy. 


* Pogg. Ann., 1848, vol. lxxiii, p. 329. 

+ This Journal, 1869, II, xlvii, p. 383 (see figure). 
Akad. Wiss., Wien, Ixx, i, page 449. 
This Journal, III, xxi, p. 286, 1881; III, xxvi, p. 337, 1883. 
Ibid., I, xlix, p. 344. 
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3. Is the East Tennessee Meteorite from Whitfield Co., Georgia? 


While looking over the literature on the Chattooga “c. 
meteorite the writer happened upon some facts which seem to 
give the locality of a very interesting mass of meteoric iron, 
1. @., that of East Tennessee. Of the original locality we know 
little definitely. Dr. F. A. Genth says* in regard to an unde- 
scribed meteoric iron from East Tennessee : 


“Under the date of May 11, 1878, the late Julius E. Raht, of 
Cleveland, Tenn., wrote me as follows:—I send you to-day a 
small piece of meteoric iron which was broken from a mass weigh- 


* Proc. Acad, Nat. Sci. Philad., 1886, p. 366. 
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ing 50 lbs., which fell about 8 years* ago near the state line of 
Georgia, 10 milest from here (Cleveland), * * * * 

The Museum Record of the Academy simply notes the date of 
its reception as Oct. 24th, 1876, that it came from the mountains 
of East Tennessee, and weighed 254 lbs. All my efforts to ob- 
tain fuller information about its fall and discovery have proved 
unsuccessful.” 


Prof. C. U. Shepard, in his description} of the meteoric iron 
of Whitfield County, Ga., makes the following statement : 


“Some time during the autumn of 1860, Mr. H. C. Hamilton, of 
Dalton, Ga., noticed an unusual atmospheric phenomenon in that 
region. A bright light shot across the heavens, followed by a 
loud report, which created great alarm among the people, man 
of whom supposed the end of the world had arrived. * * * A 
large mass of tion supposed to be a meteorite was found about $ 
mile from this one in the year 1862 (the 117 lb. Whitfield mass). 
It was sent to Cleveland, Tenn., where it appears to have been 
lost sight of.” 


The following are analyses of the two irons, No. 1 is that 
given by Dr. Genth, and No. 2 that of Prof. C. U. Shepard, Jr.: 
1. East Tennessee. 2. Whitfield Co., Ga. 
Sp. grav. 7°521. Sp. grav. 7'986. 
94°66 


4°80 
0°34 
Phosphorus 
Sulphur not det. 2, Mn, Cr, traces 


99°27 99°80 


These analyses do not agree as closely as might be expected, 
but in some other respects the points of resemblance are close. 

A large etched section of the East Tenressee iron in the pos- 
session of the writer shows several cracks completely filled 
with rust, indicating, as Prof. Genth says he had observed, that 
there are apg emery: of chloride of iron in the mass. The 
large mass of Whitfield Co., deposited in the National Museum, 
rusts, cracks and exfoliates exactly like the above. The Wid- 
manstitten figures are also identical. A new analysis of the 
Whitfield Co. mass would perhaps serve to establish their 
identity. 

Cleveland, Tenn., is 28 miles N.E. of Dalton, Ga., and the 
Whitfield Co. iron was found 14 miles N.E. of Dalton, the 
latter place being very near the state line (see map). Mr. Raht 


* This corresponds with the time given by Mr. Hamilton, of Dalton. 
Given by Prof. Shepard. = 
This Journal, xxvi, 336, 1883. 
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also writes that a 50 lb. (?) mass fell* 10 miles from Cleve- 
land near the state line, which locates it very near where the 
Whitfield Co. mass was found. Cleveland, Tenn., the place 
from which the East Tennessee mass is said to have been sent, 
is on or near a railroad line. The mass was probably sent 
there for sale or to be worked at one of the iron furnaces. 

When we consider that the war was then in progress and 
that even for some years after the war the intercourse which 
had been broken off was not resumed, it is not unreasonable to 
suppose that this mass may have lain unnoticed for several 
years. 


4, On amass of Meteoric iron from Waldron Ridge, Claiborne 
Co., Tenn. 


During March, 1887, Judge Fulkerson of Tazewell, Clai- 
borne Co., Tenn.,+ received, from some prospector in the 
vicinity, specimens of what was supposed to be an ore of iron. 
Some of these were sent to Dr. J. M. Harbison and Prof. W. 
E. Moses, of Knoxville, Tenn., to Dr. J. S. Newberry, of the 
School of Mines, Prof. Safford, of the University of Tenn., and 
others. Through the kindness of the three former gentlemen 
specimens have come into my possession. This iron is one of 
the Caillite group of Meunier. In structure it is one of the 
octahedral irons. On the largest piece, weighing 15 lbs., this 
is very marked, as it is scarcely altered. All the other pieces, 
weighing collectively several pounds, have been detached frora 
arounc this piece, which was apparently the conter of the mass. 
‘'he smaller pieces ail show considerable weathering. Severai 
perfect octahedrons and one tetrahedron were obtained by 
simply breaking the iron off w: °. the fingers, it separating ver 
readily at the cleavage plates between which, in nearly ail 
instances, were thin folia of schreibersite. Troilite was also 
observed as well as graphite, clearly suggesting that this iron 
is identical with the Cosby Creek,t Cocke Co.,§ the Sevier 
Co.,|| the Greenbrier Co.4 mass in the British Museum, and the 
Jennies Creek, Wayne Co., W. Va.,** meteorites, which, 
although independently described, are evidently parts of one 
meteorite, as suggested by Huntington,t¢ which either 
exploded on entering our atmosphere so that the fragments 
traveled according to their impetus, or else threw off these 


* The masses having been supposed to be of meteoric origin it may have been 
rumored that they had recently fallen when they had simply been found, and 250 
pounds may have been meant instead of 50. 

+ Latitude 36° 46’ North; longitude 83° 35’ W. of Greenwich. 

¢ Troost, this Journal, I, xxxviii, 253. 

$ Shepard, ib., I, xliii, 354. 

Ib.; VI, iv, 83. Huntington, in British Museum Collection. 

** Kunz, ib., II, xxxi, 145. tt Ib., xxxiii. 
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os at various periods in its course. In all there was per- 
aps about 3 pounds, although it was supposed at first that 
there was a whole mine of it. The other pieces were obtained 
after the 15 1b. piece, and not one of them weighed more than 
a pound. 


5. On the Powder Mill Creek Meteorite.* 


Through the kindness of Mr. Moritz Fischer, of the Ken- 
tucky Geological Survey, I am now the possessor of a piece, 
weighing over 2,000 grams, of the meteorite which Colonel 
Sublet and Mr. Lenoir found on the farm of Elihu Humber, at 
Powder Mill Creek, about eight miles west of Rockwood Fur- 
nace, on the eastern slope of Crab Orchard Mt., latitude 35° 50’ 
north, longitude 84° 45’ west of Greenwich, in Cumberland Co., 
Tenn. (Rockwood being in Roane Co.). It resembles very 
closely the Hainholz, Westphalia, 1856, and the Newton Co., 
Arkansas, irons, now the Taney Co., Mo. (see p. 470). It is 
scarcely distinguishable from the latter (see fig. 1), except that 
in the latter the grains are larger and more readily defined. 
The specific gravity was found to be 4°745, 


Polished section, natural size. Magnified 20 diameters. 


Chloride of iron (lawrencite) is present in considerable quan- 
tities, and on a number of sections which had been cut and 
polished it was perceptible within a short time. It collected in 
small beads on the piece itself, which will undoubtedly lead to 


* This meteorite is identical with the one described as the Rockwood meteorite . 
in the last number of this Journal, and only facts additional to those already pub- 
lished in Mr. Whitfield’s article are here given. A part of this meteorite was 
exhibited and described by the author at a regular meeting of the New York 
Academy of Sciences, May 30, 1887. The name Powder Mill Creek was given to 
it because it fell in Cumberland Co.; Roane Co., in which Rockwood is situated, 
being adjacent to this. 
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a rapid disintegration unless the iron is coated with varnish or 
some other preservative. Even small fragments have already 
become seamed, suggesting that the fall is recent. ‘ Microscopic 
sections were prepared, and in the ground-mass of metallic iron 
were seen clear crystals of anorthite and olivine. The former 
are transparent, with inclusions of glass having fixed gas bub- 
bles, and of many needle-shaped microlites, and some of larger 
size. The former microlites are probably enstatite, while some 
black quadratic sections may be chromite or magnetite. The 
twinning bands of the anorthite are sharp and distinct. The 
olivine crystals have greenish, brownish veins of alteration 
(perhaps induced by the lawrencite) with inclusions of glass, 
microlites and an abundance of black grains of picotite (see fig- 
ure 2). These grains are occasionally arranged symmetrically 
around the crystals as a border, outside of which is usually a 
grayish, partly opaque mass between the crystal and the me- 
tallic iron. This grayish mass is an alteration of the olivine 
which in many cases has taken place in the entire crystal and 
in others leaving only a small center of clear olivine.” 

To Mr. J. H. Caswell the writer is indebted for the above 
microscopical data and to Mr. Moritz Fischer for information 
and assistance in procuring the pieces of the meteorite. 


Art. LIV.—Mineralogical Notes; by F. Kunz. 


1. Rhodochrosite from Colorado. 


RHODOCHROSITE in rich red, transparent crystals has been 
found in the John Reed mine at Alicante, Lake Co., Colorado. 
One specimen shows forty crystals lining a cavity 8™ in width ; 
these crystals are simple rhombohedrons (/2), 12™ across, a 
number of them being entirely transparent. Some cleavage 
pieces are as pellucid as red Iceland spar and show the same 
strong double refraction. One of them measured 10™™ by 20™™ 
and weighed 2 grams. This is the first locality that has yielded 
crystals of such .magnitude and transparency. The specific 
gravity is 3°69 and the hardness 3°5; it is not scratched by 
calcite but is by Bilin aragonite. An analysis, by Mr. James 
B. Mackintosh, yielded the following results: 
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It also occurs opaque, massive and cleavable, enclosing bright 
cubic crystals of pyrite at times 25™™ across. Some of the 
crystals are opaque while others are of a transparent flesh color. 
At the Ulé mine, Lake City, Col., crystals, both opaque and 
flesh-colored, rounded and curved like dolomite, are found on an 
argentiferous galena. Some crystals were observed 23™™ across. 
The faces are not polished but rough like the himbeerspath. 
With the spectroscope there is considerable absorption of the 
citron, forming a decided dark band between the yellow and 
the green. With the dichroscope the ordinary image is a 
salmon-pink and the extraordinary light yellow sherry color. 


CRYSTALS OF HOLLOW QUARTZ 


SENS 
| 
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2. Crystals of Hollow Quartz from Arizona. 


These crystals are found about 3 miles southwest of the 
town of Pinal, in Pinal Co., Arizona. They occur in a sand- 
stone which has been traced for about one mile; it is penetra- 
ted in many places by spherules of obsidian $ to 3 inches 
across, which cover the ground like a shower of large hail- 
stones. These quartz crystals are of exceptional interest from 
the fact that they are mere walls surrounding hollow spaces 
much larger than the area of the wall itself (see figures on ad- 
joining cut). In some instances the crystals radiate from a cen- 
tral point; numbers of the detached crystals show this very 
strikingly. At the point of attachment there often appear 
small nuclei of chalcedony, and in some instances, the crystals 
radiate from this chalcedonic center so as to form true quartz 
flowers, as shown in the second figure. Quite often they 
are single individuals hollowed out, leaving only the smallest 
edges of what ought to be a pyramid, and the interior of the 
crystal being hollow to the base in a few instances. They are 
not cavernous like the Poretta, Italy, and Burke Co. quartz. 
As hollow quartz their characteristics are sufficiently marked 
to isolate them from those found at any other locality. 

It is very evident that they are the result of a crystallization 
from a solution, and the chalcedony being rounded and coated 
white, has every appearance of stalagmitic growth, fading imper- 
ceptibly into quartz. In some few instances the quartz crystals 
have a coating of chalcedony at their terminations. The sides 
of the prismatic faces are striated and have all the unevenness 
of those made up of crystalline plates. The hollow crystals 
themselves are usually made up of six flat individuals so sym- 
metrically arranged as to leave the center hollow, the whole 
often being one distinct crystal. Many of the crystals are ter- 
minated with the pyramid face R only; —1, when present, is 
usually very small and only slightly developed. Some, how- 
ever, have both Rand —1. In general appearance they resemble 
the amethyst of Schemnitz, Hungary. The figures were all 
carefully drawn and are of the natural size. 

In this connection it may be mentioned that from near 
Crouch’s Mill, Gaultney’s township, Alexander Co., North 
Carolina, the writer obtained a beautiful group of quartz radia- 
ting from one of these chalcedonic nuclei and forming a com- 
= flower that measured 7™ across. None of these crystals, 

owever, were hollow. 


8. Hydrophane from Colorado. 


A white opaque variety of hydrophane, in rounded lumps, 
from 5™ to 25"" in diameter, with a white, chalky or glazed 
coating somewhat resembling the cacholong from Washington 
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Co., Georgia, has recently been brought from some Colorado 
locality. For its power of absorbing liquid it is quite remark- 
able. When water is allowed to slowly drop on it, it first 
becomes very white and chalky, and then gradually, perfectly 
transparent. This property is developed so strikingly that the 
finder has proposed the name “ Magic Stone” for it, and has 
suggested its use in rings, lockets, charms, etc., to conceal pho- 
tographs, hair or other objects which the wearer wishes to 
reveal only when his caprice dictates. The specific gravity of 
several specimens was taken with the following results :—Nos. 
1-3 were slabs 2™™ thick, No. 4 was a natural lump with glazed 
coating. 
Dry. Wet. Water abs. Weight(in water). Spec. grav. 
Grams. Grams. 
1°342 463 2°110 
934 ‘416 *3385 2°091 
"382 2°097 
1°0595 "864 2°191 

The weight was taken both dry and wet, and it will readily 
be seen that this hydrophane absorbs more than an equal vol- 
ume of water. 

A remarkable nugget of Silver. 

Gen. A. G. Greenwood recently called my attention to a 
nugget of native silver weighing 6064 ozs. Troy, one of sixty 
that have been found at the Greenwood group of mines in the 
state of Michoacan, Mexico. The other nuggets weighed from 
one to thirty-five pounds each. The large nugget is entirely 
worn except in cavities where some of the crystals are rounded 
and the form is still visible. It is almost pure silver, scarcely 
a trace of any gangue rock being discernible. This specimen 
was found on the surface, and in its original state is said to have 
weighed 12 lbs. more. It is one of the most remarkable nug- 
gets of silver ever found. The geological formation is a lime- 
stone with outcroppings of limonite. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysIcs. 


1. On the Study of Chemical reactions by means of the Elec- 
trometer.—Bovuty has sought to make use of the electric resist- 
ance of solutions in order to determine the chemical changes 
produced when two dissolved salts are mixed together. “Thus, for 
example, when potassium sulphate and sulphuric acid are mixed 
in solution, the observed resistance is greater than that calculated 
on the supposition that no action takes place between them. 
Hence it follows that the normal salt combines with the acid to 
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form hydrogen-potassium sulphate. Moreover, as the solution 
becomes more dilute the quantity of this acid salt diminishes 
until ultimately it is completely converted into the normal salt. 
The molecular resistance of the hydrogen-potassium sulphate, 
which varies according to the same law as that of other salts, is 


proportional to a factor 1 +Kmt; the proportion of this acid salt 
in the solution being given by the expression y=Ym*. The 


somewhat high value of m* in the formula for the molecular resist- 
ance, indicates the dissociation of the acid salt. If the molecule 
of hydrogen-potassium sulphate constitute a single electrolytic 
molecule, its resistance at the limit will be that of the normal 
salt, and in solutions containing not more than one-tenth of a gram- 
equivalent per liter the difference between the resistances of the 
two salts will be a vanishing quantity compared with the much 
greater conductivity of the free acid. It is found that the pro- 
portion of the acid sulphate, calculated from the observed resist- 
ances of the liquid, increases with the temperature. Hence, com- 
bining this with the previous result, it follows that hydrogen- 
potassium sulphate is more stable in warm and concentrated 
solutions. At the same temperature and with the same degree 
of concentration, the proportion of the acid salt increases with an 
increase in the relative proportions of either the free acid or the 
normal salt, an excess of the normal salt being more favorable to 
this change than an excess of sulphuric acid. These results agree 
with the results of Berthelot’s thermo-chemical investigations. 
Possibly the great variations in the resistance of abnormal salts 
and of free acids may be due to a progressive dissociation of 
complex electrolytic molecules, according to the same law as that 
of hydrogen-potassium sulphate; but this effect, while added to, 
will not modify the law of the variation of the resistance of salts 
which are normal in all degrees of dilution—-C. 2., civ, 1789, 
1839; J. Chem. Soc., lii, 882, October, 1887. G. F. B. 
2. On the Detection of minute traces of Carbon dioxide.—In 
order to detect minute traces of carbon dioxide RdéssLeR has 
modified the ordinary method as follows: The lower end of a test 
tube is drawn out to a narrow tube which is then turned upward 
and to one side, the opening being about a centimeter above the 
bend. A piece of thin glass tube, rather larger in diameter than 
the test tube, is drawn out to a gradual taper so that while at top 
it rests upon the test tube, its lower and capillary end is from 15 
to 2° from the bottom of the this tube. ‘The substance to be exam- 
ined is placed in the bend of the test tube. The capillary funnel 
is then partly filled with baryta water so as to leave a drop hang- 
ing from the lower end, and is placed in the test tube. Upon 
dipping the apparatus in hydrogen chloride, the acid enters the 
capillary opening of the test tube and cumes in contact with the 
substance in the bend. The evolved carbon dioxide comes in con- 
tact with the baryta water and produces the well known tur- 
bidity. To test the delicacy of the apparatus, sodium carbonate 
was mixed with sodium chloride and introduced into it. When 
the former was 0°005 gram the turbidity was strong. With 0:0005, 
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it was very distinct; and with 000005 gram, it could be seen on 
close observation. This corresponds to 0°02 milligram carbon 
dioxide. By placing starch and potassium iodide in the capillary 
funnel, sulphurous oxide is easily detected in this way. Concen- 
trated ferrous sulphate may thus be used to detect nitric acid 
vapors, a mixture of nitrate and common salt being used with sul- 
phuric acid. Hydrogen sulphide is thus detectible by lead acetate, 
ammonia by copper sulphate, nitrous acid by potassium iodide, 
etc.— Ber. Berl. Chem. Ges., xx, 2629, October, 1887. 4G. F. B. 
8. On the Heat of Combination of Tellurium.—BERTHELOT 
and FasreE have determined the heat of combination of several 
different varieties of tellurium by pulverizing them finely, dis- 
solving them either in bromine or in water saturated with bro- 
mine, and measuring the thermal disturbance thereby produced. 
Crystallized tellurium, prepared by volatilization in hydrogen 
evolved 66°66 calories. Tellurium precipitated by sulphurous acid 
42°584 calories; precipitated from alkali tellurides by the action 
of the air or other oxidizing agents, 66°78; precipitated from 
hydrogen telluride by oxidizing agents, 67°01. The last two 
varieties are identical with the first, therefore; and hence, tak- 
ing the mean of the three at 66°776 calories, it follows that the 
conversion of crystallized tellurium into the amorphous variety 
develops 24°192 calories. Consequently tellurium, like sulphur and 
selenium, exists in two perfectly distinct states. Molten tellurium, 
thrown into cold water and then treated as above, gives numbers 
varying from 44 to. 56 calories, indicating that it is a mixture of 
the crystalline and amorphous varieties. It is rather a curious 
fact that while the change from amorphous to crystalline tellu- 
rium absorbs heat, the corresponding change for selenium evolves 
heat, and the change in the case of sulphur gives rise to no sen- 
sible thermal disturbance at the ordinary temperature; though 
at a high temperature it is positive and is probably negative at a 
low one.— C, &., civ, 1405-1408; J. Chem. Soc., lii, 761, Septem- 
ber, 1887, G. F. B. 
4. On the occurrence of Aluminum in the Ashes of Flowering 
Plants.—It has long been the current opinion of chemists that 
aluminum is not a normal constituent of flowering plants, the 
occurrence of this element in the ash of phanerogams being gener- 
ally attributed to adhering particles of the soil. Yossrpa has 
undertaken a set of careful analyses of several seeds and grains 
with a view to decide the matter, and he finds in the hull or 
skin of a pea (Soja hispida) 0°268 per cent of alumina, in the 
red bean (Phaseolus radiatus) 0°096, in rice (Poddy) 0°189, in 
wheat 0-106, in barley 0°140, in millet (Panicum italicum) 0:272, 
and in buckwheat, 0°113 per cent. The cotyledons of the pea 
alone of all the substances analyzed contained no alumina.—Jd. 
Chem. Soc., li, 748, October, 1887. G. F. B. 
5. On Ammonio-cobaltic permanganates.— Kiossp has de- 
scribed a series of new salts, which are exceedingly beautiful and 
at the same time highly explosive, and which are obtained by 
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adding cold solutions of potassium permanganates to ammoniacal 
solutions of metallic salts. With silver nitrate the compound 
(NH,),AgMn0O, is obtained as a dark violet crystalline powder 
which detonates on warming. Similar salts are given with copper, 
cadmium, nickel and zinc. The most interesting, however, are 
the salts of the ammonio-cobalt bases, particularly luteocobalt. 
Its permanganate is obtained by mixing concentrated solutions of 
luteocobalt chloride (NH,),,Co,Cl, and potassium permanganate 
at a temperature not above 60°, in the proportion of one molecule 
of the former to twelve of the latter. The new salt separates on 
cooling in little black quadratic octahedrons having a brilliant 
luster. If powdered and carefully warmed in a test tube these 
crystals decompose suddenly with incandescence, but if heated 
without pulverization, they incandesce with detonation, the tube 
being shattered into fragments. When struck with a hammer, 
the crystals detonate violently; even powdering them in a mor- 
tar being sometimes accompanied by dangerous crepitations. 
This salt has the formula (NH,),,Co,(MnO,),.. Other.compounds 
have been obtained in which hydrogen chloride and hydrogen 
bromide partially replace the hydrogen permanganate. <A beau- 
tiful salt of this kind has the composition (NH,),,Co,(MnO,),Cl, . 
(KCI),. It forms dark violet hexagonal plates bearing often low 
six-sided pyramids, and sometimes grouped together in the form 
of six-rayed stars resembling snow flakes in shape. These salts 
are less explosive than the others.—Ann. Chim. Phys., VI, xii, 
5-33, September, 1887. G. F. G. 
6. On the Character of Solution.—MENDELEJEFF has given a 
definition of solution and has illustrated his views in the particu- 
lar case of solutions of ethyl alcohol in water, the data being 
here very accurate. ‘Solutions” he says “ may be regarded as 
strictly definite atomic chemical combinations, at temperatures 
higher than their dissociation temperature.” Just as definite 
chemical substances may be formed or decomposed at tempera- 
tures higher than those at which dissociation commences, so in 
solutions; they can be either formed or decomposed at ordinary 
temperatures. Moreover, the equilibrium between the quantity of 
the definite compound and of its products of dissociation is 
defined by the laws of chemical equilibrium, which laws require a 
relation between equal volumes and their dependence on the mass 
of the active component parts. If, therefore, the above hypothesis 
of solution be correct, comparisons must be made of equal vol- 
umes, and the specific gravities are the weights of equal volumes, 
Moreover, we must expect the specific gravities of solutions to 
depend on the extent to which the active substances are pro- 
duced. Hence the expression for specific gravity s, as a function 
of the percentage composition p, must be a parabola of the 
second order: s=N (100—p=Fa) 
This may be represented by the general equation 
s=C+Ap+ Bp’ 
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Between two definite compounds which exist in solutions, it is to 


be expected that the differential coefficient a will be a rectilinear 


=A+2Bp. This conclusion can be veri- 
fied by experiment. Moreover, it gives the means of ascertaining 
what the definite compounds are which exist in the solution. 
Applying now the method to the solutions of H,O and C,H,O, 
three definite compounds are found to exist: C,H,O with (H,O) , 
and (H,O),, and (H,O) with (C,H,O),; containing 17°56, 46°00 
and 88°46 per cent of alcohol respectively. The rectilinear char- 
acter of the differential coefficient is shown by plotting the results 
in a diagram. Calculating the constants of the parabolas, ex- 
pressions are obtained for the specific gravity in terms of the 
percentage composition, the values calculated from which agree 
very closely with those obtained by experiment. The author 
finds tho above hypothesis respecting the rectilinear character of 
the differential coefficient to be correct, not only for solutions of 
a hundred different salts but also for solutions of H,SO,, of NH,, 
of HCl, and other similar substances. Indeed up to the present 
time he has not met with a single solution which is an exception. 
At present he is investigating minutely, solutions at low tempera- 
tures; and in connection with Teeshenko he has already obtained 
the compounds C,H,O(H,O),, and C,H,O(H,O), in the solid torm 
and crystallized; the former at —17° C., and the latter in a mix- 
ture of solid CO, and ether.—J. Chem. Soc., li, 778-782, October, 
1887. G. F. B 
7. On the Chemical action of Bacterium AcetiimBrown has 
continued his experiments on the chemical action of the ferment 
Bacterium aceti. Ue had shown that mannitol is completely 
decomposed by it, levulose being the main product. He now 
finds that its isomeride dulcitol suffers no change whatever by the 
action of the ferment. Glycol is readily oxidized to glycollic 
acid. Glycerol is converted into carbon dioxide and water. 
Erythrol undergoes no change whatever. Hence, by transform- 
ing dextrose into mannitol by sodium amalgam, and mannitol 
into levulose by the ferment, dextrose may be converted into 
levulose. Moreover, Brown finds that the cellulose formed by 
the ferment Bacterium wylinum from levulose, yields a dextro- 
rotatory sugar on treatment with sulphuric acid.—J. Chem. Soc., 
li, 638, July, 1887. G. F. B. 
8. On the light emitted by glowing solid bodies.—According 
to Dr. J. Draper, all solid bodies begin to glow at the same tem- 
erature, Which is about 525°C. As soon as a platinum wire, 
eated by an electrical current, reaches a temperature slightly 
above 525°, the light emitted shows a spectrum from the line 
Btob. When the temperature reaches 645°, the spectrum ex- 
tends from B nearly to F. At the temperature 718°, it extends 
from B to G. And at the temperature 1165°, the spectrum has 
nearly the full extent of the solar spectrum. Dr. Draper was led 
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to believe that the increase in the spectrum was toward the more 
refrangible end. H. F. Weber, from observations on incandescent 
electric lights, has discovered that bodies begin to glow at a 
much lower temperature than the limit set by Draper. 

The first trace of light was seen at about 590°, and was of a 
spectral gray color. As the temperature increased, the spectrum 
of the glowing carbon filament did not increase more rapidly 
toward the violet than toward the red; but increased equally in 
both directions. The first rays which are ‘perceived by the eye 
come from the part of the spectrum which sends forth the maxi- 
mum energy when the filament is heated to its highest point. 
The experiments were repeated with metallic filaments raised in 
temperature by non-electrical methods, and the results obtained 
by electrical currents were thus confirmed. Weber maintains 
also that all bodies do not begin to glow at the same temperature, 
as the results of Dr. Draper seemed to show. A _ plate of plati- 
num began to send forth gray light at 391°; while a gold plate 
showed the same character of light at 417°. In another experi- 
ment, a platinum plate began to glow at 396°, and an iron 
plate at 378°. The paper of Weber is followed in the Anna- 
len der Physik by one on the same subject. by Fr. Stenger, who 
confirms in general the results of Weber; but suggests that the 
varying sensitiveness of the observer’s eye to various colors and 
to their degrees of intensity may play an important réle in the 
“termination of the relative rate of increase of the spectrum of 
:, owing bodies.—Ann. der Physik und Chemie, No. 10, 1887, 
pp. 256-275. J. T. 


II. AND MINERALOGY. 


1. On the Location of some Vertebrate Fossil Beds in Hondu- 
ras, C. A.; by Frank L, Nason.—The locality referred to is sit- 
uated about twenty-seven miles east of the Ulna river and in the 
Nigrito valley. This valley is bounded on the east and west by 
ranges of lofty mountains varying in height from three to six 
thousand feet. The mountains gradually draw together north 
and south, enclosing a basin from forty to fifty miles in length and 
about twelve in width. From the northern extremity of the val- 
ley two streams (one of them the Rio Roman), join to form the 
Rio Comayagua, which empties, later, into the Ulna, thus forming 
the outlet or drainage for the valley. 

At the foot of the mountains are ranges of foot-hills not over 
one thousand feet in height. These foot-hills are evidently the 
débris washed from the mountains and into the lake which at 
that time filled the valley. A rather striking feature of these 
foot-hills, as well as of the valley, is the almost entire absence of 
tropical vegetation. While the mountains are elothed with the 
customary tangled growth, these hills and the valley have only 
straggling thickets of guava and other shrubs, though quite a 
dense growth of grass is abundant which furnishes pasturage 
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for large herds of cattle. The nature of the soil is the only suf- 
ficient explanation of this change of vegetation. } 
The soil is a very tough clay filled with weathered bowlders of 


all sizes. An examination of the bowlders showed them to con- : 
sist largely of a coarse-grained diorite from the decomposition of 
which the clay is formed. Aside from the numerous pyramid- H 
shaped piles of stones scattered around, examinations were made 
in the beds of gullies with perpendicular walls, cut by the water : 


during the rainy season. 

It was while examining the stones in one of these gullies, 
that my attention was attracted by several huge bones projecting 
from the walls. My interest was at once awakened on account 
of this being a possible intermediate link between the great Ter- 
tiary Lake formations in the United States and Mexico, and those 
in the U.S. of Columbia. I had only my geologist’s hammers 
with me, and with these no headway could be made in extricating 
these bones from the tough clay. Had I succeeded in extracting 
them no means were at hand for carrying them to the coast twenty 
miles away. 

Upon inquiry of our host, through our interpreter, he informed 
me that the entire skeleton of a huge animal had been washed 
from the soil a few years before, but that all but a few fragments 
had been destroyed by the inhabitants who were more curious 
than scientific. A few fragments were shown me, and as there 
were bits of much decomposed ivory among them, I concluded 
that the remains were those of Mastodons or other allied species. 

I was further informed that a very perfect skeleton had been 
taken by the government to the college at Santa Barbara: Busi- 
ness prevented my visiting this town and I am unable to confirm 
the report. There is great likelihood that this locality is very 
rich in vertebrate remains, and that search for them would be 
comparatively easy on account of the natural sections cut by the 
streams which are dry except during the rainy season. 

Nor would the paleontologist alone find working material. 
The foot-hills, to which I have alluded, bear numerous traces 
of former inhabitants, as well as demonstrate that the valley was 
formerly a lake. On the summit of these hills are very frequently 
found great heaps of bivalve shells about the form and size of the 
ordinary fresh-water clam. They could not have been taken from 
the modern streams as they are all rapid, and I noticed only 
such univalves as are commonly found in such places. Among 
these shell heaps are frequently found flint and stone implements, 
and also bones and the rude stone images often found among the 
Aztec ruins. These last two statements I am unable to vouch for 
as my limited time allowed only a hurried search. 

It may be interesting to note that, to me, the Nigrito appears 
to be but one of a chain of lakes which extended from the Ulna 
river to near the river Poyas, about two hundred miles east. 

There is no doubt but that a scientific party, with leisure, 
would be richly repaid for time spent in exploring this section of 
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country, less known, perhaps, than any other country in Central 
America. Abundance of vertebrate fossils, and relics of past 
human races as well as plain though fast vanishing marks of the 
early explorers of this country, fill these valleys from the Ulna 
river to Truxillo.— Communicated to this Journal by the author. 

2. Professor L. F. Ward’s Synopsis of the Flora of the Lara- 
mie group.—The following notes on Professor Ward’s valuable 
work are from a letter of August 9, 1887, to the author from Mr. 
L, Lesquereux, received from the former by the editors. 

Iam delighted with your excellent exposition, and thank you 
heartily for the pleasure and instruction I have received from it. 
Of course I do not agree with you in all your views, nor even 
with all your assertions; though that proves nothing against you. 
I will only mark a few of the points on which I do not fully 
agree with you. 

Considering the climatic circumstances, as indicated by the lo- 
cal presence of some species of plants, you say, p. 438, that the 
Palms of the lower districts of the Laramie indicate a difference 
of climate greater than can be accounted for by the small differ- 
ence of latitude. From Dr. Newberry’s “ Later Extinct Floras” 
and from Dr, F, V. Hayden’s remarks, it appears that the largest 
specimens of fossil Palms (Sabal Campbellii), have been found in 
the Fort Union Group; near the mouth of the Yellowstone, I 
suppose. From the Raton Mountains, where plants of the same 
kind are found in abundance, there is a difference of 22° of 
latitude; and in that distance there is no marked difference in the 
characters of the vegetation of the Laramie group, not even in 
the absence of Ficus or of Cinnamomum at certain localities, and 
therefore only a mere local difference. Cinnamomum affine Lx., 
a close relative of C. polymorphum, is not rare in the higher 
strata of the Laramie, where you place the locality of Carbon. 
Your exposition of the flora of the Iron Bluff, so remarkably 
varied and different in each of the successive strata, is the best 
possible indication of the extraordinary variety of the groups of 
floras of the Laramie, though separated they may be at the same 
localities by their intermediate strata. The same difference is re- 
marked at Golden where, apparently at nearly the same horizon 
and at little local distance, one of the strata bearing vegetable 
remains has, in abundance, leaves of Platanus, Ficus Goldiana, 
and Ficus spectabilis, while the other has mostly leaves of some 
species of Populus and none at all of the species of the first exam- 
ined bed. This, it seems, shows the impossibility of considering 
the difference in the vegetation of the Laramie at different locali- 
ties as influenced by mere climatic circumstances. 

In the arrangement of your table of distribution which has 
been prepared with the greatest care and has certainly demanded 
long and careful research, I have to remark only on the admission 
of the Credneria beds of the Upper Quader into the Senonian. 
They are placed by Hosius at the very base of the Senonian, from 
which he has a few leaves of Credneria. But the type of these 
leaves is older; it pertains to the lower Quader or the Cenoman- 
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ian, and for many geologists most of what is considered Upper 
Quader is of the same age as the Lower. In any case, if even 
your splendid leaves, which you refer with doubt to the genus, 
were true Credneria, their relation should be indicated as with 
the Cenomanian or with the original type, not with the derived 
one in the Senonian, This, however, is of little importance, as 
really the characters of these leaves are, in my view, far different 
from those of Credneria, especially: on account of the basilar posi- 
tion of the lowest secondaries (or lateral primaries) and the 
absence of the secondaries, or rather tertiaries, underneath. It is 
also from the basilar point of attachment of the lateral primaries 
that I can not recognize the identity of the two leaves of pl. xl, 
fig. 8 and 9, with Platanus Hecrii, whose leaves are moreover 
entire. 

There is, however, a species of the Dakota group which shows 
the closest relation (even identity ?) to species of the Laramie. It 
is Populus elliptica Newby., which can scarcely be separated by 
distinct characters from LP. cuneata of the same author. This 
last species is therefore evidently of Cenomanian type, the first 
being the ancestor of Populus arctica, P. Richardsoni, P. Zad- 
dachi, P. speciosa, P. amblyrhyncha, P. Daphnoides, P. Oxy- 
rhyncha, etc. The type is not seen with the Cretaceous of 
Greenland; not even in the Patoot Senonian. But it is repro- 
duced, and frequently so,in the Tertiary of Greenland, as you 
well know. This with a number of other affinities tend to show, 
in my opinion at least, that if there has been a migration of the 
plants between America and Greenland at the Cenomanian period, 
the migratory movement has been northward, not southward. 
But this question is out of place here. 

I received last Saturday the No. 37 Bulletin of the Survey with 
the figures and descriptions of your Types of the Laramie. This 
small volume is very handy and for study of paleobotany more 
valuable still than the synopsis. Though I have sent an acknowl- 
edgment of receipt to the Survey, I take the liberty to thank you 
heartily for the production of a book which will be of great 
assistance to paleobotanists of the present and especially for the 
future American students of vegetable paleontology. What an 
immense amount of material is still in reserve for those who fol- 
low in your footsteps and collect specimens along the Yellow- 
stone! How is it that you did not find any Palms near Fort 
Union, or along the Yellowstone ? 

Very sincerely and thankfuily yours, Lro LesquEREvx. 

Professor Ward has sent the editors the following remarks on 
Mr. Lesquereux’s letter. 

To certain of the above criticisms, the force and legitimacy of 
which I freely concede, the following reply may be made. 

I was not so fortunate myself as to find Palms in the Fort 
Union beds, and the only ones coming from them that are known 
to me are those determined by Dr. Newberry to which Professor 
Lesquereux refers, and which represent only a single species, 
Sabul Campbellii Newby., which occurs so abundantly at Golden, 
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Colorado. This species will be found properly entered in the table 
of distribution on page 467, and the total absence of Palms 
in the Fort Union group was not maintained. They certainly 
must have been rare in this section, whereas they are found in 
nearly all the beds in Colorado and Wyoming. The same dispro- 
portion is found in the genus Cinnamomum. 

As regards the age of the Credneria beds of Europe I can only 
say that those of Brankenburg, where Zenker first found the 
genus, and of Quedlinburg, where a number of species occur, are 
placed by Schimper (Traité de Paléontologie végétale, vol. iii, 
p. 673) in the Senonian of D’Orbigny, as are also those of West- 
phalia, since so much more thoroughly studied by Hosius and 
Van der Marck, who located them in the lower portion of that 
member. Most of the other Credneria beds lie in the Lower Qua- 
der and should doubtless be correlated with the Cenomanian. 
Such are those of Silesia, Saxony, Bohemia and Moravia. Schim- 
per, however, would place Moletein, where Heer’s C. macrophylla 
was found, in the Turonian (op. cit., vol. iii, p. 59). I do not 
certainly maintain with any force that my C. daturwfolia repre- 
sents a true Credneria, and I have set forth in my Types of the 
Laramie Flora (P. 98), which Professor Lesquereux had indeed 
received but probably had not yet examined on this point, all the 
objections raised by him to such a reference, together with some 
others. I merely wished to make a suggestion sufficiently start- 
ling to attract attention to this remarkable form and to call out 
the opinions of others as to its proper affinity. 

Lester F, Warp. 

3. A pot-hole of remarkable size in Archbald, Pa.—The pot- 
hole recently brought to light in the coal formation at Archbald, 
Lackawanna County, Pa., according to an account of it in the 
Scranton Republican of November 4, 1887, has a depth of forty- 
five feet, and a somewhat ovoidal section with the largest 
diameter twenty feet. Its lower end was discovered in 1883 in 
the process of coal mining, and since then it has been cleared and 
used as an air-shaft. It is on the property of Mr. E. B. Hackley, 
who has taken precautions, at considerable expense, to ensure its 
preservation. Tt is supposed to be a product of the latter part of 
the Glacial era, and to have been made by a great water-fall 
descending through a crevasse in the glacier. This view implies 
that the glacier of the region did not move on as much as ten 
feet during the centuries in which the excavation to a depth of 
forty-five feet was going forward; or else that the local conditions 
occasioning the crevasse were such as to keep the crevasse sta- 
tionary, and without eroded sides from the water-fall, during those 
centuries, notwithstanding the movement of the glacier. Either 
supposition seems to be almost incredible. The other explanation 
supposes a great river, made from the melting of the glacier, to 
have done the excavation by the usual river methods, that is, 
while flowing in torrents along a shelving, rocky shore. 

4. The Lake Age in Ohio, or some Episodes in the Retreat of 
the N. American Glacier.—A paper on this subject by Professor 
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E. W. Claypole, illustrated by maps, is contained in the Trans- 
actions of the Geological Society of Edinburgh, 1887, p. 421. 

5. Carboniferous ~ Fossil Corals.—Mr. James Thomson has a 
paper on the genus Zithostrotion, its limits, chatacters, and 
species. Ibid., p. 371. 

6. Primordial Fossils from Mt. Stephens, N. W. Territory of 
Canada; by Dr. C. Rominger.—The species embrace Trilobites 
of the genera Ogygia, Embolimus, Menocephalus ?, Conoceph- 
alites, Bathyurus ?, ?,and Agnostus. The beds contain also species 
of Obolella, Or this, Kutorgina, Theca or Hyolites—Proc. Acad. 
Nat. Sci. Philad., 1887, p. 12. 

7. The Teachings of Geography : suggestions regarding princi- 
les and methods for the use of Teachers; by ArcuIBALD GEIKIE, 

irector General of the Geological Survey of the United Kingdom. 
202 pp. 12mo. London and New Y ork, 1887, (Macmillan & Co.)— 
Dr. Geikie’s geological science has enabled him to give special 
value to this work for instructors in geography. 

8. A North Carolina Diamond.—Mr. G. F. Kunz states 
that a diamond weighing 44 carats or 873 milligrams was found 

on the Allred Bright farm in Dysartville, Mc- 


Dowell County, N. C., in the summer of 1886. It 
is quite perfect, but not pure white, having a faint 
grayish-green tint. In form it is a distorted hex- 


octahedron with partial twinning (see figure of 
two views). Its specific gravity is 3°549, and it measures ten 
millimeters in length and seven millimeters in width A num- 
ber of small stones exhibited as diamonds have been found at 
Brackettstown, near by, but they have proved to be either trans- 
parent zircon or smoky-colored quartz. <A visit to the locality 
served to authenticate the facts of its discovery. None of the 
minerals ordinarily associated with the diamond were found at 
the locality, and the opinion is expressed that the diamond must 
therefore have been transported from distant higher ground in 
the vicinity during a heavy freshet. 

9. Herderite.—The rare mineral herderite, long known only 
in a few unique specimens from Saxony (1828) and later (1884) 
found at Stoneham, Me., has been recently obtained from Mursinsk 
in the Ural. The crystals are associated with yellow orthoclase, 
smoky quartz, tourmaline, muscovite and topaz; in habit they 
resemble the original mineral more nearly than that of Stoneham. 
—Berwerth. Ann. Mus. Wien, 1887. 

10. Periclasite—The rare oxide of magnesia (MgO), occurring 
only at Monte Somma, has been identified at the manganese 
mines of Nordmark in Sweden. Blowpipe trials show the pres- 
ence of a little manganese and iron.— Gfv. Ak. Stockholm, Sept. 
14, 1887. 


III. Borany. 
1. Monographie Phanerogamarum Prodromi, Vol.v. Pars 


secunda: Ampelidew, auctore J. E. PLtancuon, has at length 
appeared. It occupies 350 pages; and it represents a great 
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amount of labor, the permanent value and complete acceptance of 
which cannot be adjudicated offhand. The plan of merging all 
the forms into one genus, Vitis, has been abundantly tried, not 
with very satisfactory results,—partly, it may be, because the 
groups have not been well worked out. Professor Planchon, a 
most experienced and keen botanist, who has especially investi- 
gated the Vines for a good many years, has very naturally tried 
the other tack, and has developed the Linnean Vitis and Cissus 
into ten genera. The principles upon which he has proceeded, as 
exp!ained in the preface, are wholly legitimate; and one could 
wish that they have been successfully applied. This, oniy use 
can determine. We may be confident, however, that if this mon- 
ograph had been in the hands of the authors of the latest Genera 
Plantarum, they would not have bodily adopted its conclusions, 
although they would have been much helped by the elaborate 
investigations, and might have seen their way to admit three or 
four genera. They would not have trusted over-much to the 
difference between polygamo-diccious, polygamo-monecious and 
partly pseudo-hermaphrodite, hermaphrodite and probably some 
pseudo-hermaphrodite, and hermaphrodite or rather physiologi- 
cally polygamo-monecious and with some blossoms pseudo-her- 
maphrodite,—differences which must be shadowy,—nor to varia- 
tions in the mere shape of style and stigma. And as to the disk, 
which should be more tangible and hopeful, we gather from 
Planchon’s synopsis and from our own observations that there 
are only three types. In the true Grape-vines, the disk is repre- 
sented by nearly distinct and free nectariferous glands, alternate 
with the stamens. In most other Ampelidex, it is cupular or 
annular (entire or crenate or lobed,) with base or lower half or 
more adnate to the base of the ovary, but at least the margin or 
lobes free. In the Virginia Creeper there is really nodisk at all, 
as was first noted by Dr. Torrey in his Flora of the Northern 
States, in 1824, and insisted on in the Flora of North America, 
in 1838, and again in the Genera Illustrata, where there are cor- 
rect figures. Dr. Planchon expresses the same opinion in essence 
but in different language, i. e., “ Discus obsoletus ovarii basi plane 
adnatus et tantum colore proprio subdistinctus.” We could not 
make much of the color; but the tissue does thicken more or less, 
and possibly may become obscurely nectariferous; but the flowers 
are not attractive to bees, as the allied species from Japan is. In 
the’ latter while there is equally no hypogynous disk, there is 
much thickening of nectariferous tissue over all the lower part of the 
ovary more or less in longitudinal ridges, the whole ‘ plane adnatus’ 
throughout. Now we should make more of these three types 
than Dr. Planchon does. For the first goes with the Calyptrately 
Caducous corolla and polygamo-diccious flowers of true Vitis. 
The third with disk, if so called, wholly confluent with the ovar 

itself, belongs to and includes all of the few known species (includ- 
ing Planchon’s Zandukia) which have the striking biological 
character of climbing by the dilatation and adhesion of the tendril 
tips ; and their flowers are 5-merous, essentially hemaphrodite, and 
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with expanding corolla. The second type of disk goes with 4- 
merous and some 5-merous flowers with corolla expanding in anthe- 
sis, that is, to the genus Cissus. We do not see the way to 
break this up into genera—certainly not on the number of parts, 
for this varies in some species, and while C. stans is 5-merous, the 
closely related C. orientalis is 4-merous. However it may be with 
some exotic groups, we must restore our two species, which 
formed part of Michaux’s Ampelopsis, to the genus Cissus. 
Under that view the generic nomenclature is clear, The genus 
Ampelopsis (Michaux, p.p. and Torr. and Gray) is to be main- 
tained on the lines long ago laid down in this country, and now 
reinforced, for those species which are popularly well-known un- 
der this name. We do not feel obliged to defer to any work of 
Rafinesque as late as the year 1830, But, as to the present point, 
it seems to us that when Dr. Planchon followed him in the appro- 
priation of one part of Michaux’s Ampelopsis, he should also have 
adopted Rafinesque’s name for the other part, viz: Quinaria, in- 
stead of making a new name, Parthenocissus, the former name 
being free for use. Under our view both names are superfluous. 
As to true Vitis, it remains to be seen whether it will be at all 
possible to distinguish twenty or more North American species. 
Perhaps Engelmann allowed quite as many as can be defined. 
But Planchon’s long and conscientious labors upon the genus and 
the family must be most helpful even where his conclusions are 
not at once accepted. A. G. 

2. Report on Botanical Work in Minnesota for the year 1886 
occupies Bulletin No. 3 of the Geological and Natural History 
Survey of that state. There are, first, papers by Professor L. H. 
Bailey, sketches of the flora of Vermillion Lake and other northern 
parts of Minnesota, with lists of plants collected. Monotony and 
paucity of species characterize the flora between Lake Superior 
and the international boundary ; and this is taken “as an illus- 
tration of the law that species decrease with the increase of 
latitude,” as if there were no other sufficient explanations of the 
floral poverty of that tract. Mr. Upham adds a supplement to 
his list of the flora of Minnesota, adding about two dozen species. 
The first is the Anemone nudicaulis Gray, in Bot. Gazette, 
reprinting the article, but with no further information. We had 
hoped that the station would ere this have been revisited. a. &. 

3. The Course of Practical Instruction in Botany, by Pro- 
fessor Bower and Professor Vines, of which the first part aas 

ublished in 1885, is now completed on the same lines by the 
issue of a second part for the Bryophyta and Thallophyta. This 
part is the work of Dr. Bower, and, of course, it is an excellent 
manual for the botanical laboratory. It is published by Mac- 
millan & Co., London and New York, pp. 144, 18mo. A. G. 

4. Grasses of North America for Farmers and Students, etc., 
W. J. Beat, Professor of Botany and Forestry in Michigan 
Agricultural College. An octavo volume replete with informa- 
tion, not only about grasses but clovers and such-like forage 
plants, and many other matters, scientific and practical. It 
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begins with “protoplasm,” it ends with “debris,” or bits of 
wisdom—poetic and prosaic, secular and biblical—left. over when 
the book was done, ‘‘ for want of a suitable place to use them.” 
There is, last of all, a bibliography, in which the Robert Brown 
is not discriminated from a@ Robert Brown, author of a Manual 
of Botany, owing, no doubt, to the exceeding brevity of citation; 
while, by some odd mishap, Bentham and Hooker’s Genera Plant- 
arum is said to be published at Berlin. But it is hardly gracious 
to notice such blemishes, nor to complain of proof-reading and 
form, since the book was printed at Lansing, yet not badly in 
most respects. The numerous figures are mainly particularly 
good, not only those of grasses drawn by Mr. Scribner, but also 
the microscopic illustrations by Sudworth. The short and good 
chapter on the Fungi of Forage Plants is contributed by Pro- 
fessor Trelease; and the original figures, if not fine, are fairly 
effective. Not content with giving, in this volume, a practical 
account of the principal forage grasses, with their physiology, 
worphology, cultivation and management,—in which “it is hoped 
that the farmer or general reader who has never studied botany 
will find much to interest and help him ”—and the hope is amply 
warranted—the author announces a second volume, to contain 
the description of all known grasses of North America, 700 or 
more species. This is a more formidable undertaking, whether 
the treatment is to be mainly popular and practical, or more 
scientific, or both combined. A. G. 

5. Serjania Sapindacearum Genus monographice deseriptum ; 
von L. RapLKorer, was published in 1875 in the Transactions 
of the Royal Bavarian Academy at Munich, and it gained the 
Candollean quinquennial prize, as well it might. This accom- 
plished systematic botanist has now published, in a later volume 
of the same series a detailed supplement, of nearly 200 pages 
and 9 plates, the last a distribution map. Moreover, the J%sh- 
inebriating Plants have been taken up by Dr. Radlkofer 
(Sitzungsberichte der Bayer. Acad. Wiss., xvi, 1886, p. 380) 
apropos in the first instance to two notable species of Serjunia, 
treated of in his monograph of that genus. To the present paper 
is added an Index plantarum ad pisces capiendos adhibitarum, 
arranged under their natural orders. The list amounts to 154 
species, besides twenty others which, being known only under 
popular names, are dubious. A. G. 

6. The British Moss Flora, its indefatigable author, Dr. Braith- 
waite, has, in Part x, completed the first volume of. It runs to 
315 pages, with 44 plates (such as only Sullivant could rival), all 
executed by his own hand. This admirable work is published 
by the author, at 303 Clapham Road, London. We are informed 
that the sale so far covers the actual outlay, and that it will be 
continued. Would that we could have such a moss-book, with 
figures of all our North American species; but as that may not 
be as yet, and as the species are largely the same, our bryologists 
should thank Dr. Braithwaite for all he is doing for them. A. G. 
7. Pittonia, a Series of Botanical Papers, by Epwarv L. 
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GREENE, Assistant Professor of Botany in the University of 
California, part 2, just come to hand, bears the date of July, 1887, 
and carries on the volume to p. 93. The opening pages explain 
for the benefit of the uninstructed, the meaning of the convenient 
catch name Pittonia, seemingly with some idea of retrieving an 
injustice done by “the rising Swedish authority [who] arbitrarily 
set aside the then old and well established name Pittonia and put 
his own new and more cumbrous Tournefortia in its place.” 
Well, in his day we know that Linneus felt very much at liberty 
in such matters, and wished the genus to bear the real cognomen 
of the botanist it commemorated. Plumier himself dedicated his 
genus to Josephus Pitton Tournefort, which is also the name on 
the title page of the Jnstitutiones. On the title pages of the 
two earlier works it is simply Mr. Pitton Tournefort, and there is 
no intimations that he ever used the de. So we have rather to 
bless Linneus for transgressing a rule which did not then exist. 
In a following article Professor Greene gives an account of a 
monstrosity of Collinsia bicolor having mainly regular corollas, 
and thereupon suppresses Nuttall’s genus Zonella at once. Next 
two new genera are made out of portions of Arynitzkia, and Pip- 
tocalyx is set up anew; a good number of miscellaneous new 
species are described, and a detailed account of Carpenteria Cali- 
Sornica is given, quite unaware that this shrub is now rather com- 
monly cultivated in Europe, and has been figured in the Botanical 
Magazine, The Garden, Gardener’s Chronicle, ete. That the parts 
of the flower, at least the calyx, are sometimes 6 or 7 is stated in 
the original description, indicated on the plate, and referred to in 
the Botany of California, in the second volume of which a habitat 
is given. An interesting account of a botanical excursion to the 
Island of San Miguel concludes the number. A. G. 

8. Catalogue provisoire des Plantes Phanerogames et Crypto- 
games de la Basse Louisiane, Etats-Unis d’ Amerique, par A. B. 
Layetots, Pointe-a-la-hache, Louisiana.—This is a list of the 
plants at the mouth of the Mississippi, collected and determined 
by the Rev. M. Langlois, a parish priest whose zeal, knowledge, 
and success in botany are notable. It is well to have a catalogue 
of the plants of that district. Among the species which have 
-been borne to that shore from the south are Cuphea glutinosa, 
Polygonum Meisnerianum, Cyperus Surinamensis, and Luziola 
Peruviana. A. G. 

9. The Development of the Ostrich Fern, Onoclea Struthi- 
opteris, by Dr. Dovatass H. CampBett, is a neat memoir pub- 
lished by the Boston Society of Natural History (iv, no. 2, 1887) 
pp. 35, and 4 plates, 4to, as the Walker Prize Essay of 1886. It 
appears to be a faithful piece of detailed work. It would have 
been well to append a statement of what had already been done 
in nearly the same field. A. G. 

10. Studi botanici sugli Agrumi e sulle piante affini. Rome, 
1887. By O. Penzic.—This elaborate memoir of nearly 600 
pages of text and an atlas of 58 folio plates appeared in the 
Annali di Agricultura, published under the direction of the Italian 
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Minister of Agriculture, Industry and Commerce. The author 
states that he has been at work on the question proposed by the 
minister, “the study of the structure, vital functions and diseases 
of the Citri,” since the year 1879, and the memoir is the most 
complete work on the subject that has as yet appeared. A third 
of it is devoted to the morphology and histology of Citrus and 
related genera; this is followed by chapters on the comparative 
anatomy of the Aurantiacee. Part third treats briefly of the 
chemical properties of the Cétri; and part fourth is devoted to 
diseases of cultivated species caused by fungi and insects. The 
latter subject is discussed minutely and forms the most important 
part of the memoir. In two previous papers the author described 
166 species of fungi parasitic on Citri, and the number has been 
increased to 190 in the present volume. The plates of fungi 
appeared originally in the Fungi Italice autographice delineati of 
Saccardo. The memoir ends with a full bibliography and index ; 
the whole is beautifully printed and does great credit to the 
Italian government. W. G. F. 
11. Elements of Botany, by Asa Gray. New York, 1887. 
8vo, pp. 226.—This title was given by Dr. Gray to his first edu- 
cational publication, more than fifty years ago. The earliest 
_treatise has grown into the Text-Book, while this new work is 
designed to replace the well-known Lessons in Botany. No con- 
fusion is likely to result from the revival of the older name after 
the lapse of half a century, and its assignment to a wholly 
different book. The new work differs in many features from any 
of its predecessors. It embodies the grammar of Organography, 
the first principles of Vegetable Physiology, and of Botanical 
classification, and gives with the help of an adequate glossary, 
directions for the description of plants. The bringing so much 
within so narrow a compass has been accomplished by giving the 
kernel of every topic without any husks. The ‘‘ Elements” is 
designed to. be the companion and interpreter of the “ Manual” 
and kindred works, and will be bound up with these as the gram- 
mar and dictionary and handy work of reference. It is equally 
adapted to the wants of classes and of those who are obliged to 
study by themselves. G. L. G. 
12. Elements of Botany; by Epson 8. Bastin, A.M. Chicago, 
1887. 8vo, pp. 282.—The author of this treatise states that 
there exists “a genuine need for some work on botany better 
adapted to the wants of our high schools, academies, and colleges 
of pharmacy and medicine than any in present use.” The numer- 
ous excellent introductory works on botany, now before the 
English-reading public, have not made this want severely felt ; 
but so long as teachers differ in their preferences as to methods 
of presenting a subject to their pupils, so long will some place be 
found for every. new claimant upon the attention. Professor 
Bastin’s work is methodical and trustworthy, and its scope is 
sufficiently wide for those whom it has been prepared to serve, 
except that it is not particularly pharmacological, as would be 
expected from the Professor in the College of Pharmacy at 
Chicago. G. L. G. 
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IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1, National Academy of Sciences.—The following is a list of 
the papers presented: at the meeting held at Columbia College, 
New York, Nov. 8-10, 1887. 


T. C. MENDENHALL: Seismoscopes and Seismological investigations. 

E. D. Cope: On the primary specializations of the True Fishes; On the me- 
chanical origin of the structures of the hard parts of the Mammalia. 

Wm. A. Rogers: A study of the behavior of metals under variations of tem- 


perature. 
T. Sterry Hunt: Chemism in its relations to temperature and pressure; Pro- 


gressive series in Chemistry. 

J.D. Dana: Kilauea, a Basalt Volcano. 

Hesry MITCHELL: Circulation of the Sea through New York Harbor. 

OapEN N. Roop: On a study of Color Contrast. 

W. K. Brooks: On the relative variability of men and women; On a new form 
of reproduction in Medusze; On the Lucayan Indians. 

A. M. Mayer: Experiments in measurements of statical electricity in absolute 
units; On Potential as measured by work, a mathematical discussion. 

THEO. GILL: A comparison of Antipodal Faunas. 

W. P. TROWBRIDGE: On a discovery recently made in connection with the flight 


of birds. 
E. C. PIcKERING : On the determination of star magnitudes by photography. 
A. HALL: On the constant of aberration. 
J. S. NewsBerry: The Cretaceous Coals of Western North America; The future 


of Gold and Silver Production. 
S. P. Lanauey: The Temperature of the Moon. 
A. A. MICHELSON and E,W. MortEy: On a Method of making the wave-length 


of Sodium light thé absolute standard of length. 


OBITUARY. 


Gustav Rosert Kircuuorr, Professor of Physics at Berlin, 
died on the 17th of October, in his 64th year. His death removes 
from the ranks of physicists one who has long held a_ foremost 

lace and to whom the world of Science owes some of the most 
important steps of progress it has made. His first paper was 
published in 1845, and from that time until the later years of his 
life, when his health was seriously impaired, his contributions 
were numerous, varied in subject, and of a high order. First of 
all in importance come his contributions to spectrum analysis, a 
department of Physics largely created by him and by Prof. 
Bunsen, his colleague at Heidelberg where the work was done; 
this was in 1859 and 1860. Prior to this date his attention had 
been largely devoted to electrical subjects, and his papers upon 
Ohm’s law, the discharge of the Leyden Jar and kindred topics, 
are all of great value. Still another series was devoted to investiga- 
tions on the equilibrium and motion of elastic solids, and his work 
entitled Lectures on Dynamics (1876), is well known. A collec- 
tion of his papers was issued at Leipzig in 1882. 

Oscar Harecer, assistant in the Paleontological department of 
Yale University, died on November 6th. A notice is deferred until 
a later number. 
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A 
Academy, California, bulletin of, 80. National, 
memoirs of, 319; New York meeting, 496. 
Artesian well, St. Augustine, Fla., 70. 
Association, American, 80, 234. British, 315. 
Meriden Scientific, transactions of, 160. 
Ayrton, W. E., Practical Electricity, 152. 
Avogadro’s hypothesis, experimental demon- 
stration of, 224. 


Bailey, S. C. H., aerolite from Rensselaer Co., 
N. Y., 60. 

Barker, G. F., chemical and physical abstracts, 
62, 152, 224, 394, 480. 

Barus, C.. viscosity of steel and its relations 
to temperature, 1; effect of magnetization 


on viscosity and rigidity of iron and steel, | 


175. 
Bastin, E. S., Elements of Botany, 496. 


Beal, W. J., Grasses of North America, 493. 


Becker, G. F., geological development of Pa- 
cific slope, 72. 

Bibliotheca Zoologica, 412. : 

Borany—Ampelidez, Planchon, 499. Annals 
of Botany, 409. Botanical work in Minn., 
report on, 492. British Moss Flora, Braith- 
waite, 493. Catalogue provisoire des Plantes, 
Langlois, 494. Dermatitis venenata, White, 
410. Elements of Botany, Bastin, 495; Ele- 


OHnEMISTRY—Aluminum in ashes of flowering 
plants, 482. Antimonous sulphide, thermo- 
chemistry of, 65. Bacterium aceti, chemi- 
eal action of, 484. Bismuth, new color 
reaction for, 66. Boric acid, determination 
of, 222. Carbon dioxide, detection of min- 
ute traces of, 481; in air, apparatus for 
estimation of, 396. Chemical reactions by 
means of electrometer, Bouty, 480. Dia- 
mide (fydrazine), 226. Ferrous oxide, de- 
termination in silicates, 113. Hesperidin 
and Naringin, sugar yielded by, 65. Juglon, 
synthesis of, 152. Methane, density of 
liquid, 224. Nitrogen, density of liquid, 224; 
Nitrogen dioxide and tetroxide, density of, 
at —100°, 395. Oil, paraffin, alkaloid-like 
bases in, 398. Oxygen, density of liquid, 
224; evolution of, 225. Ozone, liquetied, 
boiling point of, 62; production of, from 
oxygen, 394. Permanganates, ammonico- 
cobaltic, 482. Phosphorus, arsenic and 
antimony at white heat, 396. Potassium 
hydroxide, new hydrates of, 64. Silicon, 
atomic weight of, 397. Silver chloride, 
combinations of, Lea, 384. Solution, char- 
acter of, 483. Sugar yielded by Hesperidin 
and Naringin, 65. Sulphurous oxide, evolu- 
tion of, 225. Tellurium, heat of combina- 
tion of, 482; tetrachloride, vapor-density 
and valence of, 225. 


ments of Botany, Gray, 495, Fish-inebriat- 
ing Plants, Radlkofer, 493. Flora of coast 
islands of Cal., LeConte 457. Flowering 
Plants, aluminum in ashes of, 482. Grasses 
of N. A., Beal, 492. Monographisze Phanero- 
gamarum Prodromi, vol. v, 490. Die natiir- 
lichen Pflanzenfamilien, etc., Engel und 
Prantl, 74. Ostrich fern, Campbell, 494. 
Physiology of Plants, Sachs, 410. Pittonia, 
Greene, 493. Practical Instruction in Bot- 
any, Bower and Vines, 492. Serjania Sapin- | 
dacearum Genus, Radlkofer, 493. Studi 
botanici sugli Agrumi, etc., Penzig, 494. 
Study of Lichens, Willey, 75. Dall, W. H., geology of Florida, 161. 

Bower, Practical Instruction in Botany, 492. | Dana, J. D., changes in Mt. Loa craters; Pt. 

Braithwaite, British Moss Flora, 493. I. Kilauea, 81, 349. 

Brigham, W. T., Kilauea in 1880, 19. Daubrée, A., Les Naux Souterraines, 403. 

Davidson, G., submarine valleys on Pacific 

C coast, U. S., 69. 

Cairns, F, I., crocidolite, Cumberland, R.1.,108. | DeBary, A., Comparative Morphology and 

California, Mineralogical Report of, 159. Biology of the Fungi, Mycetozoa and Bac- 

Calorimeter, steam, 150; vapor, 224. teria, 411. 

— D. H., development of ostrich fern, | Delgado, J. F. N., Bilobites, etc., du Portugal, 

4, 157. 
Chandler, S. C., Jr., the Almucantar, 79. Dodge, F. E., origin of cone in Kilauea, 70. 
Chemical integration, Hunt, 116. Dust, effect of electricity on, 151. 


*This Index contains the general heads BoTany, CHEMISTRY, GEOLOGY, MINERALS, OBITUARY 
ZooLoey, and under each the titles of Articles referring thereto are mentioned. ; F 


Chester, A. H, crocidolite, Cumberland, R. I., 
108. 

Chicago astronomical society, reports of, 312. 

Clarke, F. W., the mica group, 131. 

Clouds, iridescence in, Stoney, 146; summer, 
height of, 233. 

Color mixtures, 67. 

Colvin, V., Adirondack Land Survey, 160. 

Cook, G. H., Geology of New Jersey, 1886, 71. 

Coral reefs of Solomon Islands, Guppy, 229. 

Curtis, G. E., theory of the wind vane, 44. 
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Dutton, C. E., Mt. Taylor and Zufii Plateau, 155. 
Dwight, W. B., Potsdam, and Pre-Potsdam 
near Poughkeepsie, N. Y., 27. 


E 


Earth currents, 399. 
Earth and luminiferous ether, relative motion 
of, Michelson and Morley, 333. 
Elerthquakes, Japanese, 68. 
Eactricity, Practical, Ayrton, 152. 
Electrical standards, 399; the ohm, 228. 
Engel, A., Die natiirlichen Pflanzenfamilien, 
etc., 74. 
F 


Farlow, W. G., botanical notices, 75, 495. 

Fisher, D., meteorite from St. Croix Co., Wis., 
381. 

Florida, Explorations in, Heilprin, 230; Geol- 
ogy of, Dall, 161; State Geol. Report, Kost, 
72. 

Fossil, see GEOLOGY. 

Franklin, W. S., destruction of passivity of iron 
in nitric acid by magnetization, 419. 


G 


Gaines, M. R., mineral localities in Litchfield, 
Conn., 406. 

Gas, moisture in, after drying by phosphorus 
pentoxide, Morley, 199. 

Geikie, A., Teachings of Geography, 490. 

Genth, F. A., contributions to mineralogy, 159. 

GEOLOGICAL REPORTS AND SURVEYS—Florida, 
72; New Jersey, 71; U.S. Geol. Survey., 
412. 

Geography, Teachings of, Geikie, 490. 

Geologists, congress of, Gilbert, 430. 

GEOLOGY— 


Animikie and Vermilion series, unconfor- | 


mability between, Winchell, 314. 
Archeocyathus of Billings, Walcott, 145. 
Blastoids, 

muth and Springer, 232. 

Bowlders at high altitudes, White, 374. 

Champlain period, Connecticut lake of, 404. 

Chert, organic origin of, 405. 

Clay, blue. from Me., Robinson, 407. 

Coral reefs, formation of. Guppy, 229. 

Corals, Carboniferous, 490. 

Cretaceous, i'exas section of, Hill, 287. 

Florida, Dall, 161. 

Glacial drift, deposit of, Hay, 52. 

Huronian group, Irving, 204, 249, 365; note 
on, C. L. Herrick, 72; Winchell, origin 
of the name, 71. 

Ice, Greenland, damming and erosion by, 
312. 

Invertebrates from Eocene of Miss. and 
Ala., Meyer, 159. 

Lake age in Ohio, 490. 

Laramie group, Flora of, Ward, 487. 

Long Island, 153. 


Crinoids and Cystids, Wachs- | 


INDEX. 


GEOLOGY— 
Lower Carboniferous of Appalachian area, 
Penn, and Virginias, Stevenson, 37. 
—" new fossil, Marsh, 323; Triassic, 
0. 
Marmots, geological work of, 405. 
Moraines, terminal, England, Lewis, 402. 
Mt. Taylor and Zufii Plateau, Dutton, 155. 
Ovibos cavifrons from Iowa, McGee, 217. 
Pot-hole of remarkable size, Penn., 489. 
Potsdam and Pre-Potsdam, near Poughkeep- 
sie, Dwight, 27. 
Primordial fossils, Canada, Rominger, 490. 
Proboscidea in British Museum, Lydekker, 
314, 
Stegosaurus, skull and dermal armor of, 
Marsh, 413. 
Taconic of Emmons, Wash. Co., N. Y., 
Fauna of Upper, Walcott, 187. 
Valleys, submarine, Pacific coast, Davidson, 
69. 
Vertebrate fossil beds in Honduras, Nason, 
485. 
Gilbert, G. K., congress of geologists, 430. 
Glaciers, Greenland, damming and erosion by, 
312; moraines of, in England, 402. 
Gold, atomic weight of, 397. 
Goodale, G. L., botanical notices, 74, 409; 
obituary notice of W. Boott, 160. 
Gould, B. A., Resultados del Observatorio 
Nacional Argentino, 312. 
Gray, A., Elements of Botany, 495; botanical 
notices, 490. 
Greene, HK. L.. Pittonia, 493. 
Guadalupe Island, 80. 
Giimbel, Geologie von Bayern, 158. 
Guppy, coral reefs of Solomon Islands, 229. 


H 


Hague, A., deposition of scorodite from geyser 
waters, 171. 


| Hall effect, 151. 
| Hallock, W., flow of solids, 277. 
| Hay, O. P., deposit of glacial drift, 52. 


Hazen, H. A., verification of tornado predic- 
tions, 127; relation between wind velocity 
and pressure, 241; prevailing wind direc- 
tion, 46!. 

Heat conductibility of bismuth, 228; meas- 
urer, new, 66. 

Heilprin, A., Explorations in Florida, 230. 

Hill, R. T., Texas section of Cretaceous, 287. 

Hoffman, G. C., uraninite and monazite from 
Canada, 73; magnetite pseudomorphs, 408. 

Holden, E. L., elements in the sun, 451. 

Honduras, vertebrate fossil beds in, Nason, 
485. 

Hull, E., sketch of Geological History, 405. 

Hunt, T. S., chemical integration; 116; Chem- 
ical Philosophy, 153. 
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Hutchins, C. C., new photographic spectro- | Meyer, O., invertebrates from Eocene of Miss. 
scope, 58; oxygen in the sun, 263; earbon and Ala., 159. : : 
in the sun, 345; elements in the sun, 451; Michelson, A. A., relative motion of earth and 
new instrument for measurement of radia- luminiferous ether, 333; wave-length of 
tion. 466. sodium light. 427. 
I Mineral localities in Conn., Gaines, 406; in 
western U. S., 315. 
| Mineralogical contributions, Genth, 159. 
Report, California, 159. 
MInERALS—Abriachanite, composition, 111. 
Albite, 391. Axinite, analysis, 286. Bio- 
tite, anal., 135. Bismutospherite from 
Conu., anal., 271. Cliftonite, 232. Cole- 
manite, anal., 282. Cristobalite. 73. Cro- 
J |  idolite from R. I., anal., 108. Danburite, 
Joule. J. P., Joint Scientific Papers of, 229. anal., 285. Datolite, anal., 285. Diamond, 
Journal of Morphology, 411. _ N.C., 490. Feldspars, triclinic, 390, Gri- 
| qualandite,73. Herderite, Ural, 490. How- 
K lite, anal., 220. Hydrophane, 479. Tndi- 
Kost, J., Report (1st) on Florida State Geol. | colite, so called, from Harlem, N. Y., 406. 
Survey, 72. Lingbanite, 72. Lepidomelane, anal., 133. 
Kunz, G. F., St. Croix, Wis.. meteorite, 383 ; Ludwigite, anal., 284. Oligoclase, optical 
on some American meteorites, 467; miner- characters, 391, Magnetite, pseudomorphs, 
alogical notes, 477; North Carolina dia- 408. Manganotantalite, 73. Micas, analy- 
mond, 490. ses, Clark, 131. Monazite, Canada, 73. 
L . Muscovite, N. C., anal., 131. Pandermite, 


anal., 284. Periclasite. Sweden, 490. Pe- 
Laboratory, scientific, bulletin of Denison, 71. rofskite in serpentine, 140. Priceite, anal., 


Lake Zug, slide at, 405, 283. Pseudobiotite, 73. 


Ice, viscosity of, Main, 149. 

Image transference, Lea, 33. 

Iron, effect of magnetization on viscosity and 

. rigidity of, Barus, 175; destruction of pas- 
sivity of, Nichols and Franklin, 419. 
meteoric, see Meteoric. 

Irving, R. D., Huronian group, 204, 249, 365. | 


Pyroxene, twin 


Langlois, A. B., Catalogue des Plantes de la crystals. 275. Quartz crystals, Arizona, 


Basse Louisiane, 494. 479. Rhodochrosite, Col., 477. Scorodite, 
Lea, M. C., image transference, 33; combin- in geyser waters, 171. Serpentine, Syra- 
ations of silver chloride with other metallic cuse, 137. Silver nugget, 480. Ulexite, 
chlorides, 384. anal., 284. Uraninite, Canada, 73. Wash- 
LeConte, Joseph, phenomena of binocular vi- ingtonite, Conn., 407. Webskyite, 72. 
sion, 97; flora of coast islands of Cal, 457. | yfolecule. silver, size of, 228. —~ . 
Lesquereux, Ward's Flora of the Laramie | Moreland, 8. T., action of magnets on liquids, 
group, +87. 227. 
= H. C., terminal moraines of England, | Morley, E. W., moisture in a gas after drying 
402, by phosphorus pentoxide, 199; relative mo- 
Light emitted by glowing solid bodies, 484; ng of mh on luminiferous ether, 333; 
sodium, wave-length of, Michelson and wave-length of sodium light, 427. : 
Morley, 427. Morphological monographs, 76. 
Liquids, action of magnets on, Moreland, 227; 
solidification of, by pressure, 227. 
Lockyer, J. N., Chemistry of the Sun, 228. N c 
Lydekker, R., Fossil Mammalia, 314. Nason, vertebrate fossil beds in Honduras, 485. 
Nichols, E. L., destruction of passivity of iro: 
M in nitric acid, 419. 7 
Main, J. F., viscosity of ice, 149. Nystrom, Pocket Book of Mechanics and En- 
Marsh, O. C., new fossil mammals, 323; gineering, 412. 
skull and dermal armor of Stegosaurus, 413. 
McGee, W. J., Ovibos cavifrons from Iowa, 0 
217. OpituaRY—Baird, Spencer F., 240, 319; 
Meteorie iron, unknown locality, Riggs, 59; Boott, Wm., 160; Clarke, Alvan, 322; 
St. Croix, Co.,Wis., Fisher, 381; Rockwood, Harger, 0., 496; Kirchhoff, G., 496. 
Tenn. (Powder Mill Creek), Whitfield, 387; | Observatories and astronomers, list of, 160. 
Kunz, 476; Taney Co., Mo., Kunz, 467; | Observatory, Argentine, 312; annais of Har- 
Chattooga Co., Ga., Kunz, 471: East Ten- vard, 79; transactions of Yale, 76; publi- 
nessee and Whitfield Co., Ga., Kunz, 473; cations of Morrison, 79. 
Waldron Ridge, Tenn., Kunz, 475. Ohm, changes in the, 228. 
Stone, Rensselaer Co., N. Y., Bailey, 60. | Parallax of a Tauri, 79, 
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P 
Penfield, S. L., composition of howlite, 220; 
triclinic feldspars with twinning striations 
on the brachypinacoid, 390. 
Penzig, O., Studi botanici, 494. 
Photography applied to flight of birds, 399; 


by vital phosphorescence, 311; relation of | 
Tornado predictions, verification of, Hazen, 


silver salts to, 33, 384. 
Photometer, Pritchara’s wedge, 401. 
Planchon, J. E., Ampelidez, 490. 


Platinum, action of, on gases, 64; and silver, | 


comparison of radiations from melting, 227. 


Radiation, measurement of, Hutchius, 466; 
from melting platinum and silver, 227. 

Radlkofer, L., Serjania Sapindacearum Genus 
monographic description, 493. 

Resistance, electrical. of antimouy and cobalt, 
151; unit of, see Ohm. 

Riggs, R. B., meteoric irons, 59; so-called 
Harlem indicolite, 406. 

Robinson, F. C., clay from Farmington, Me., 
407. 

Rockwood, C. G., Jr., Japanese seismic sur- 
vey, 68. 

Rominger, C., Primordial fossils, Canada, 490. 

Roscoe, on the Daltonian atoms, 315, 


8 


Sachs, J. von, Physiology of Plants, 410. 

Salt, rock, dispersion of, 67. 

Schumann, M.. criticism of Morley on the 
amount of oxygen in air, 67. 

Seismic survey, Tokio, 68. 

Silver in volcanic ash, 159 

Solids, flow of, Hallock, 277. 

Spectra, absorption, of liquid oxygen and 
liquefied air, 63; of hydrogen, oxygen and 
water vapor, 399. 

Spectroscope, new photographic, Hutchins, 58. 

Sperry, E. 8., composition of howlite, 220. 

Sperry, F. L., triclinic feldspars, 390. 

Springer, F., morphological relations of sum- 
mit-plates in Blastoids, Crinoids and Cys- 
tids, 232. 


Steel, effect of magnetization on viscosity and | 

rigidity of, Barus, 175; viscosity of, and | 
| Wind, prevailing direction of, Hazen, 461; 
Stevenson, J. J., Lower Carboniferous groups | 


relation to temperature, Barus, 1. 


of Appalachian area in Penn. and the Vir- 
ginias, 37. 

Stokes, G. G.; Beneficial Effects of Light, 401. 

Stoney, G. J., cause of iridescence in clouds, 
146. 

Suess, water level in enclosed seas, 313. 

Sun, carbon in, Trowbridge and Hutchins, 
345; Chemistry of, Lockyer, 228 ; elements 
in, Hutchins and Holden, 45]; oxygen in, 
Trowbridge and Hutchins, 263. 


INDEX. 


T 
Taschenberg, O., Bibliotheca Zoologica, II, 
412. 
Technological Quarterly, 80. 
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